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SUSCEPTIBILITY GENES FOR
AGE-RELATED MACULOPATHY (ARM) ON
CHROMOSOME 10Q26
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which claims the benefit under 35 U.S.C. §119(e) to U.S.
Provisional Patent Application No. 60/688,572, filed Jun. 8,

20035, which 1s incorporated herein by reference 1n 1ts entirety.
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This ivention was made with government support under
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the National Institutes of Health, National Eye Institute. The
government has certain rights 1n this ivention.

BACKGROUND

Age-related maculopathy (also known as age-related
macular degeneration) 1s a leading cause of central blindness
in the elderly population and numerous studies support a
strong underlying genetic component to this complex disor-
der. Genome-wide linkage scans using large pedigrees,
alfected sib pairs, and more recently, discordant sib pairs,
have i1dentified a number of potential susceptibility loci
(Klein et al. 1998 Age-related macular degeneration. Clinical
features 1 a large family and linkage to chromosome 1q.
Archives of Ophthalmology 116:1082-1088; Weeks et al.
2000 A full genome scan for age-related maculopathy.
Human Molecular Genetics 9:1329-1349; Majewski et al.
2003 Age-related macular degeneration—a genome scan 1n
extended families. Am J Hum Genet 73:540-550: Schick et al.
2003 A whole-genome screen of a quantitative trait of age-
related maculopathy 1n sibships from the Beaver Dam Eye
Study. Am J Hum Genet 72:1412-1424; Seddon et al. 2003 A
genomewide scan for age-related macular degeneration pro-
vides evidence for linkage to several chromosomal regions.
Am J Hum Genet 73:780-790; Abecasis et al. 2004—Age-
related macular degeneration: a high-resolution genome scan
for susceptibility Loci in a population enriched for late-stage
disease. Am J Hum Genet 74:482-494; Iyengar et al. 2004
Dissection of genomewide-scan data 1n extended families
reveals a major locus and oligogenic susceptibility for age-
related macular degeneration. Am J Hum Genet 74:20-39;
Kenealy et al. 2004 Linkage analysis for age-related macular
degeneration supports a gene on chromosome 10g26. Mol Vis
10:577-61; Schmidt et al. 2004 Ordered subset linkage analy-
s1s supports a susceptibility locus for age-related macular
degeneration on chromosome 16pl12. BMC Genet 5:18;
Weeks et al. 2004 Age-related maculopathy: a genomewide
scan with continued evidence of susceptibility loc1 within the
1931, 10926, and 17925 regions. Am J Hum Genet 75:174-
189; Santangelo et al. 2005 A Discordant Sib-Pair Linkage
Analysis of Age-Related Macular Degeneration. Ophthalmic
Genetics 26:61-68). Genome-wide linkage screen strongly
implicated the 10926 region as likely to contain an age-
related macular degeneration (AMD) gene (Weeks et al.
2004); this region has also been supported by many other
studies and 1s the top-ranked region 1n a recent meta analysis
(Fisher et al. 2005 Meta-analysis of genome scans of age-
related macular degeneration. Hum Mol Genet. 2005 Aug. 1;
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14(15):2257-64). Recently, three papers appeared in Science
(Edwards et al. 2005 Complement Factor H Polymorphism

and Age-Related Macular Degeneration. Science 308, 421-
424; Haines et al. 2005 Complement Factor H Varnant
Increases the Risk of Age-Related Macular Degeneration.
Science 308, 419-421. Klein et al. 2005 Complement Factor
H Polymorphism in Age-Related Macular Degeneration. Sci-
ence 308, 385-389) identitying an allelic variant in comple-
ment factor H (CFH) as responsible for the linkage signal
seen on Chromosome 1 and accounting for a significant
attributable risk for ARM 1n both familial and sporadic cases.
These findings have been confirmed (Conley et al. 2005 Can-
didate gene analysis suggests arole for fatty acid biosynthesis
and regulation of the complement system 1n the etiology of
age-related maculopathy. Hum Mol Genet 14: 1991-2002;
Hageman et al. (2005a) From The Cover: A common haplo-
type 1n the complement regulatory gene factor H (HF1/CFH)
predisposes individuals to age-related macular degeneration.
Proc Natl Acad Sc1 USA 102:72277-7232; and Zareparsi et al.
2005a Strong Association of the Y402H Variant in Comple-
ment Factor H at 132 with Susceptibility to Age-Related
Macular Degeneration. Am J Hum Genet 77:149-53). CFH
has been previously suspected of playing a role in ARM due
to the work of Hageman and Anderson (Hageman and Mul-
lins 1999 Molecular composition of drusen as related to sub-
structural phenotype. Molecular Vision 5:28; Johnson et al.
2000 A potential role for immune complex pathogenesis 1n
drusen formation. Experimental Eyve Research 70:441-449
Complement activation and inflammatory processes 1n
Drusen formation and age related macular degeneration.
Experimental Eye Research 73:887-896; Mullins et al. 2000
Drusen associated with aging and age-related macular degen-
eration contain proteins common to extracellular deposits
associated with atherosclerosis, elastosis, amyloidosis, and
dense deposit disease. FASEB Journal 14:835-846; Hageman
et al. 2001 An integrated hypothesis that considers drusen as
biomarkers of immune-mediated processes at the RPE-
Bruch’s membrane interface in aging and age-related macu-
lar degeneration. Progress in Retinal & Eye Research 20:705-
732; Johnson et al. 2001 ), who have shown that the subretinal
deposits (drusen) that are observed 1n many ARM patients
contain complement factors. However until other genes that
contribute to ARM are 1dentified, CFH remains an 1solated
piece of the puzzle, implicating the alternative pathway and
inflammation as part of the ARM pathogenesis, but failing to
account for the unique pathology that 1s observed 1n the eye.

SUMMARY

To this end, as described below, allelic variants, including,
single nucleotide polymorphisms, have been identified on
Chromosome 10g26. These allelic variants are shown herein
to be associated with an increased risk of developing Age-
Related Maculopathy. The allelic variants are located within
L.OC387715 and/or the PLEKHA1 gene on chromosome
10g26. In one embodiment, the allelic vanation 1s within
LOC387713.

In one non-limiting embodiment of the present invention, a
method of 1dentifying a human subject having an increased
risk of developing Age-Related Maculopathy 1s provided.
The method comprises 1dentifying in a nucleic acid sample
from the subject the occurrence of an allelic variant located 1n
Chromosome 1026 that 1s associated with risk of developing
Age-Related Maculopathy. In one non-limiting embodiment,
the allelic variant occurs in the PLEKHAI1/LOC387715/
PRSS11 locus of Chromosome 10g26. For example and with-
out limitation, the allelic variant 1s an allelic variant of one or
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both of PLEKHAT1 and LOC387715, such as, without limi-
tation, a Ser69Ala variant in LOC387715.

In another non-limiting example, the variant 1s a polymor-

phism corresponding to one or more of the varants identified
asrs4146894, rs10490924, rs1045216,rs1882907, rs760336,

rs763720, rs800292, rs1483883 and rs1853886. The allelic
variant may be, without limitation, a mutation that produces
one of a non-functional gene product and altered expression
ol a gene product, such as one or more of a frameshiit muta-
tion, a promoter mutation and a splicing mutation.

In one embodiment, the method comprises further 1denti-
tying 1n a nucleic acid sample from the subject the occurrence
of an allelic variant of complement factor H, such as, without
limitation, a variant corresponding to the single nucleotide
polymorphism identified as rs1853883.

The method may employ any usetul technology, such as
without limitation: a nucleic acid amplification assay, such as
one of a PCR, a reverse transcriptase PCR (RT-PCR), an
isothermic amplification, a nucleic acid sequence based
amplification (NASBA), a 5' fluorescence nuclease assay (for
example TAQMAN assay), a molecular beacon assay and a
rolling circle amplification. The allelic variation may be 1den-
tified using an array that typically comprises one or more
reagents for identifying in a nucleic acid sample from the
subject the occurrence of an allelic variation corresponding to
two or more of the single nucleotide polymorphisms 1denti-
fled as rs4146894, rs1045216, rs10490924, rs1882907,
rs760336, rs763720, rs800292, rs1483883 and rs1853886.

In another non-limiting embodiment, an array 1s provided
comprising one or more reagents sequences for identitying in
a nucleic acid sample from a subject the occurrence of an
allelic variation located on Chromosome 10g26 that 1s asso-
ciated with risk of development of Age-Related Maculopathy.
The allelic variation may, without limitation, may occur 1n the
PLEKHAI1/LOC387715/PRSS11 locus of Chromosome
10926, and, for example, may correspond to one or more

single nucleotide polymorphisms identified as rs4146894,
rs1045216, rs10490924, rs1882907, rs760336, rs763720,

rs800292, rs1483883 and rs1853886.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1-1: Location of CIDR and locally genotyped SNPs

with respect to candidate genes. Positions, distances and
nucleotide position along Chromosome 10 are derived from
NCBI Entrez-gene and SNP databases. FIG. 1-2 1s splitat line
A-A'.

FIG. 2: Single-point and multipoint linkage results on
Chromosome 10. FIG. 2-1 summarizes the results when all
SNPs were used. FIG. 2-2 summarizes the results when only
H-clust SNPs were used for analysis. The peaks marked with
“F”, represent likely false peaks due to high SNP-SNP LD,
while the peaks marked “G” and “P,” correspond to the loci
containing GRKS and PLEKHAT1 respectively. The horizon-
tal lines indicate the 1-unit support interval of multipoint S_,,
(maximum S _,—1).

FIGS. 3A-3D: Linkage disequilibrium patterns on chro-
mosome 10 based on 196 CIDR SNPs and 179 unrelated
controls. F1G. 3A: The falsepeak at 135 ¢cM (see FIG. 2), FIG.
3B: The false peak at 142 ¢cM (see FIG. 2), FIG. 3C: Linkage
peak. FIGS. 3D-1, 3D-2, 3D-3 and 3D-4 are larger versions of
FIG. 3C, divided at lines B-B', C-C' and D-D'. The SNP with
the largest S _, 1n false peaks (FIGS. 3A and 3B) are shown 1n
gray and significant SNPs overlying the 5 genes (GRKJY/
RGS10/PLEKHA1/LOC387715/PRSS11) from CCREL
(Table 5) are shown 1n gray 1n the true linkage peak. Shades of
gray indicate significant LD between SNP pairs (dark gray
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4

squares with no numbers indicate pairwise D'=1), white
squares indicate no evidence of significant LD and gray
squares with no numbers indicate pairwise D' of 1 without
statistical significance. LD 1s measured using D' and the num-
bers 1n the squares give pair wise LD 1n D'*100.

FIG. 4: Multipoint linkage results on Chromosome 1. FIG.
4-1 summarizes results when all SNPs were used and FIG.
4-2 summarizes results when only H-clust SNPs were used
for analysis. The peaks marked with “F”” represent likely false

peaks due to high SNP-SNP LD, while the peaks marked with
“C” correspond to the CFH gene. The horizontal lines 1ndi-
cate the 1-unit support interval of multipoint S _,, (maximum
S ., in CFH-1).

FIGS. 5A-5C provide: linkage disequilibrium patterns on
chromosome 1 based on 679 CIDR SNPs and 179 unrelated
controls. F1IG. SA: The false peak at 188 ¢cM (see F1G. 4), FIG.
5B: The false peak at 202 cM (see FIG. 4), FIG. 5C: The

linkage peak overlying the CFH loci. The SNP with the larg-

est S_,; 1n false peaks are shown 1n gray and significant SNPs
overlying CFH from CCREL (Table 5) are shown 1n grey 1in
the true linkage peak. Shades of gray indicate significant LD
between SNP pairs (dark gray squares with no numbers 1ndi-
cate pairwise D'=1), white squares indicate no evidence of
significant LD and gray squares with no numbers indicate
pairwise D' of 1 without statistical significance. LD 1s mea-

sured using D' and the numbers 1n the squares give pair wise
LD 1n D™100.

FIGS. 6 A and 6B: FIG. 6A: Linkage disequilibrium pat-
terns 1n the GRKS (Block 1), RGS10 (SNP 6), PLEKHALI
(Block 2), LOC387715 (Block 3), PRSS11 (Block 4). FIG.
6B: Linkage disequilibrium patterns mn CFH (Block 1).
Shades of gray indicate significant LD between SNP pairs
(dark gray squares with no numbers indicate pairwise D'=1),
white squares indicate no evidence of significant LD and gray
squares with no numbers indicate pairwise D' of 1 without
statistical significance. LD 1s measured using D' and the num-
bers 1n the squares give pair wise LD 1 D'*100. Significant

SNPs from the CCREL allele test are highlighted 1n gray (see
Table 6). Three SNPs (rs6428352, rs12258692 and
rs11538141)were not included because of very low heterozy-
gosity and one SNP, rs2736911, was not included because 1t
was uninformative. Note the blocks were drawn to clearly
show the position of the genes and do not represent haplotype

blocks.

FIG. 7 shows estimated crude ORs and 95% Cls for CFH,
ELOVL4, PLKEHAIL, and LOC387715 genes. Carriers of
one or two risk alleles (RR+RN) are compared to those sub-
jects homozygote for the non-risk allele (NN). The solid lines
denote the 95% CI corresponding to an OR (open circle). The
dotted vertical line marks the null value of an OR of 1. The
contrasts that were evaluated in AREDS and CHS cohorts are

given on the vertical axis.
FIG. 8 shows estimated ORs and 95% Cls for CFH. A:

OR , _ for evaluation of dominance effects (CT+CC vs. TT).
B: OR, . for evaluation of the risk of heterozygotes (CT vs.
TT). C: OR,__ for evaluation of recessive eflects (CC vs.

CT+TT). D: OR, __ for evaluation of the risk of homozygotes
(CC vs. TT). The dotted vertical line marks the null value of
OR of 1.

FIG. 9 shows estimated ORs and 95% Cls for ELOVLA4. A:
OR , _ for evaluation of dominance effects (AG+GGvs. AA).
B: OR, . for evaluation of the risk of heterozygotes (AG vs.
AA). C: OR, . for evaluation of recessive elfects (GG vs.
AG+AA). D: OR,__ for evaluation of the risk of homozy-
gotes (GG vs. AA). The dotted vertical line marks the null
value of OR of 1.
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FIG. 10 shows estimated ORs and 95% CIs {for
LOC387715. A: OR ,  for evaluation of dominance effects
(GT+TT vs. GG). B: OR, . for evaluation of the risk of het-

erozygotes (GT vs. GG). C: OR,_ _ for evaluation of recessive

Feoc

elfects (TT vs. GT+GG). D: OR,, . for evaluation of the risk
of homozygotes (TT vs. GG). The dotted vertical line marks
the null value of OR of 1.

FI1G. 11 shows estimated ORs and 95% Cls for PLEKHAL.
A: OR ,  for evaluation of dominance eftects (AG+AA vs.
GG). B: OR, . for evaluation of the risk of heterozygotes (AG
vs. GG). C: OR,__ for evaluation of recessive effects (AA vs.
AG+GG). D: OR,__ for evaluation of the risk of homozy-
gotes (AA vs. GG). The dotted vertical line marks the null
value of OR of 1.

FIG. 12 provides estimated ORs and 95% ClIs, derived
from data sets included 1n meta-analysis of Y402H 1n CFH,
and pooled estimates from fixed and random effect models.
The top figure shows OR, _, (OR for CT heterozygotes com-
pared to T'T) and the bottom figure shows OR, _ (OR for CC
homozygotes compared to TT). ‘Hage-C’ and ‘Hage-I’
denote estimates derived from the Columbia and Iowa
cohorts of Hageman et al. (Hageman, G. S., et al. (2005) A
common haplotype 1n the complement regulatory gene factor
H (HF1/CFH) predisposes individuals to age-related macular
degeneration. Proc Natl Acad Sc1 USA. 2005 May 17; 102
(20):7227-32. Epub 2005 May 3), respectively, and ‘Jakobs’
denotes estimates from the Jakobsdottir et al. paper (Jakobs-
dottir, J., et al. (2005) Susceptibility genes for age-related
maculopathy on chromosome 10g26. Am J Hum Genet. 77,
389-407). “Fixed” denotes pooled estimates dertved from all
the studies assuming the between study variability 1s due to
chance. ‘Random’ denotes pooled estimates derived from all
the studies allowing for heterogeneity across studies. ‘n ,, .’
1s the total number of ARM cases included 1n the estimates
and ‘n__~° 1s the total number of controls without ARM
included 1n the estimates. The dotted vertical line marks the
point estimate of the pooled OR under homogeneity
(‘Fixed’).

FIG. 13 provides: A: Genotype frequencies (%) 1n unre-
lated ARM cases, across cohorts included 1n meta-analysis of
Y402H 1n CFH. B: Genotype frequencies (%) 1n unrelated
controls without ARM, across studies included in meta-
analysis of Y402H in CFH. “Hage-C” and “Hage-1" denote
estimates derived from the Columbia and Iowa cohorts of
Hageman et al., respectively, and “Jakobs™ denotes estimates
from the Jakobsdottir et al. paper.

FIG. 14 provides estimated ORs and 95% Cls, derived
from data sets included 1n meta-analysis of S69A 1n
LOC387715, and pooled estimates from fixed and random
elfect models. The top figure shows OR, . (OR for GT het-
crozygotes compared to GG) and the bottom figure shows
OR,__ (OR for TT homozygotes compared to GG). “Jakobs™
denotes estimates from the Jakobsdottir et al. paper (Jakobs-
dottir, J., et al. (2005) Susceptibility genes for age-related
maculopathy on chromosome 10g26. Am J Hum Genet. 77,
389-407). “Fixed” denotes pooled estimates derived from all
the studies assuming the between study variability 1s due to
chance. “Random” denotes pooled estimates derived from all
the studies allowing for heterogeneity across studies. “n .,
1s the total number of ARM cases included 1n the estimates
and “n__ " 1s the total number of controls without ARM
included in the estimates. The dotted vertical line marks the
point estimate of the pooled OR under homogeneity (‘Fixed”)

FIG. 15 provides: A: Genotype frequencies (%) 1n unre-
lated ARM cases, across cohorts included in meta-analysis of
S69A 1n LOC387713. B: Genotype frequencies (%) 1n unre-

lated controls without ARM, across studies included 1n meta-
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analysis of S69A 1n LOC387713. “Jakobs™ denotes estimates
from the Jakobsdottir et al. paper.

FIG. 16 provides an amino acid (SEQ ID NO: 19) and
nucleotide sequence (SEQ ID NO: 20) for LOC387715.

DETAILED DESCRIPTION

As described below, allelic varniants, including single
nucleotide polymorphisms, have been identified on Chromo-
some 10826. These allelic variants are shown herein to be

associated with an increased risk of developing Age-Related
Maculopathy. Example 1 identified PLEKHA1 and/or

LOC3877135 as loci of allelic variants related to ARM. Fur-
ther studies, as shown 1n Example 2, confirm and add further

support to the identified relevance of wvariations 1n
L.OC387715 as a marker for ARM. The relevance of varia-

tions of PLEKHAT1 as a marker for ARM has not been ruled
out but the evidence from the most recent genetic studies
more strongly implicate the variants within the LOC387715
gene.

Methods are therefore provided for identifying a human
subject having an increased risk of developing Age-Related
Maculopathy (ARM). The methods comprise identifying 1n a
nucleic acid sample from the subject the occurrence of an
allelic variant or a specific haplotype (comprised of several
allelic variants) of PLEKHA1 and/or LOC3877135, and in one
non-limiting embodiment, LOC387715. Specific single
nucleotide polymorphisms (SNPs) have been identified

within these loci, including, without limitation, those SNPs
identified as rs4146894, rs1045216, rs10490924, rs1882907,

rs760336 and rs763720. The method may further comprise
identifying an allelic variation in Complement Factor H
(CFH), such as, without limitation the allelic variant 1denti-
fled as rs1853883.

As used herein, an “allelic variation” refers to a variation in
the nucleic acid and typically primary amino acid sequence of
a gene 1n one or more alleles 1n a subject, such as a human
patient. Allelic variations include single or multiple nucleic
acid and amino acid substitutions, additions or deletions that
have any one of a number of effect on protein expression,
including without limitation: promoter activity that regulates
transcription, frameshift, early protein termination, protein
mis-folding, altered protein processing, destruction (or
enhancement) of active sites or binding sites of a protein,
mis-splicing of an mRNA or any other property of a nucleic
acid or protein that effects the expression and/or function of
the final gene products. An amino acid and nucleic acid
sequence variation may or may not have be silent, that 1s, no
phenotypic effect, such as risk of disease, can be associated
with that sequence variation. On the other had, an allelic
variation 1s a variation in a consensus “wild type” nucleic acid
or amino acid sequence to which risk of a disease state, such
as ARM, can be attributed, associated or otherwise con-
nected, for example and without limitation, by statistical
methods 1s described herein. Thus, the LOC387715 single
nucleotide polymorphism identified as 1rs10490924
(Ser69A1la) 1s an allelic vanation.

A large number of methods, including high throughput
methods, are available for detection of SNPs and/or other
allelic variations, for example and without limitation the PCR
and Restriction Fragment Length Polymorphisms methods
described in the Examples below. In one embodiment, DNA
from a sample 1s sequenced (resequenced) by any method to
identify a SNP or small alleic variation. A large variety of
resequencing methods are known in the art, including high-
throughput methods. Amplification-based methods also are
available to 1dentity allelic variations, such as SNPs, includ-
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ing, without limitation: PCR, reverse transcriptase PCR (RT-
PCR), 1sothermic amplification, nucleic acid sequence based
amplification (NASBA), 3' fluorescence nuclease assay (for
example TAQMAN assay), molecular beacon assay and roll-
ing circle amplification. Other methods, such as Restriction
Fragment Length Polymorplisms RFLP, also maybe
employed—as 1s appropriate and effective to identily variant
allele(s). Assays may be multiplexed, meaning two or more
reactions are carried out simultaneously 1n the same physical
location, such as in the same tube or position on an array—so
long as the reaction products of the multiplexed reactions can
be distinguished. As a non-limiting example, TAQMAN or
molecular beacon assays can be multiplexed by use of and by
monitoring of accumulation or depletion of two different
fluorochromes corresponding to two different sequence-spe-
cific probes. In most cases, the appropriate method 1s dictated
by personal choice and experience, equipment and reagents
on hand, the need for high throughput and/or multiplexed
methods, cost, accuracy of the method, and the skill level, of
technicians running the assay. Design and implementation of
those techniques are broadly-known and are well within the
abilities of those of average skill 1in the art.

In the implementation of the methods provided herein, an
array may be utilized. Arrays are particularly useful 1n imple-
menting high-throughput assays. The array typically com-
prises one or more reagents, for example and without limita-
tion, nucleic acid primers and/or probes, for identifying in a
nucleic acid sample from a human subject the occurrence of
an allelic vanation corresponding to one or more single nucle-
otide polymorphisms identified 1n LOC387715 and/or PLE-
KHAI1, such as, without limitation, the SNPs 1dentified as:
rs4146894, rs1045216, rs10490924, rs1882907, rs760336,
rs763720, rs800292, rs1483883, rs1853883 and rs1853886.

An array would allow simultaneous testing and identification
of one or more allelic variation in LOC387715 and/or PLE-
KHAI1, such as, without limitation, the SNPs 1dentified as:
rs4146894, rs1045216, rs10490924, rs1882907, rs760336,
rs763720, rs800292, rs1483883, rs1853883 and rs1853886
as well as simultaneous 1dentification of allelic variations 1n
CFH, other genes/loci and control genes/loci/nucleic acids.

As used herein, the term “array” refers to reagents for
facilitating 1dentification of allelic variations in a gene located
at two or more 1dentifiable locations. In one embodiment, an
array 1s an apparatus having two or more discrete, identifiable
reaction chambers, such as, without limitation a 96-well dish,
in which reactions comprising identified constituents are per-
formed. In an exemplary embodiment, two or more nucleic
acid primers or probes are immobilized onto a substrate in a
spatially addressable manner so that each individual primer or
probe 1s located at a different and (addressable) 1dentifiable
location on the substrate. Substrates include, without limita-
tion, multi-well plates, silicon chips and beads. In one
embodiment, the array comprises two or more sets of beads,
with each bead set having an 1dentifiable marker, such as a
quantum dot or fluorescent tag, so that the beads are individu-
ally 1dentifiable using, for example and without limitation, a
flow cytometer. In one embodiment, in the context of the
present disclosure, an array may be a multi-well plate con-
taining two or more well reaction chambers with primers for
amplifying DNA to identily SNPs or probes for binding spe-
cific sequences. As such, reagents, such as probes and primers
may be bound or otherwise deposited onto or into specific
locations on an array. Regeants may be 1n any suitable form,
including, without limitation: in solution, dried, lyophilized
or glassified.

Usetul Array technologies include, for example and with-

out limitation an Aftymetrix GeneChip® Array, for example,

10

15

20

25

30

35

40

45

50

55

60

65

8

GeneChip® CustomSeq® Resequencing Arrays (commer-
cially available from Affymetrix Inc. of Santa Clara, Calif.)

and like technologies. Informatics and/or statistical software
or other computer-implemented processes for analyzing
array data and/or 1dentitying genetic risk factors from data
obtained from a patient sample, are known 1n the art.

As used herein, a “reagent for identifying 1n a nucleic acid
sample from a subject the occurrence of an allelic vanation”
that either 1s 1dentified specifically or i1s i1dentified in the
context of a gene or locus, refers to a reagent that enables
identification of that specific allelic variation by any suitable
method, for example and without limitations, by PCR, rese-
quencing ' exonuclease (TagMan) assay and/or array or
high-throughput assays. Non-limiting examples of such
reagents include sequence-specific primers, primer sets and
probes for use 1n any useful assay system. Primers and probes
may take any usetul form, but typically are nucleic acids, but
may benucleic acid analogs, such as, without limitation phos-
phorothiates.

In Example 1, a family-based linkage study and a case-
control association study were undertaken using a high den-
sity SNP panel in two regions of linkage on 1g31 and 10g26.
SNP linkage and association results for Chromosome 1g31
confirmed that the peak of linkage and the strongest associa-
tions with ARM were localized over the CFH gene. Both
family and case-control data on Chromosome 10q26 were
analyzed to identily the next major ARM susceptibility-re-
lated gene.

A follow-up study, described 1n Example 2, utilized a
nested case-control design with subjects originally recruited
through a Cardiovascular Health Study (CHS), a population-
based cohort for which Age-Related Maculopathy (ARM)
status was not a factor for ascertainment, and an Age-Related
Eve Disease Study (AREDS), a population-based cohort for
which ARM status was a factor for ascertainment. These
cohorts were utilized to ivestigate the CFH, PLEKHAI,
LOC387715 and ELOVL4 genes in ARM susceptibility 1n
two cohorts with different ascertainment schemes. Further-
more, these two cohorts plus eleven and four additional case-
control studies were included 1n a meta-analysis for CFH and
LOC387715 respectively. CFH was significantly associated
with ARM status in both cohorts (p<t0.00001) and meta-
analysis confirmed that the risk allele 1n the heterozygous or
homozygous state (OR, 2.4 and 6.2; 95% CI (Confidence
Interval), 2.2-2.7 and 5.4-7.2 respectively) confers this sus-
ceptibility. LOC387715 was significantly associated with
ARM status 1 both cohorts (p<0.00001) and meta-analysis
confirmed that the risk allele 1n the heterozygous and
homozygous state (OR, 2.5 and 7.3; 953% CI, 2.2-2.9 and
5.7-9.4 respectively) conters this susceptibility. PLEKHAT,
which 1s closely linked to LOC387715, was significantly
associated with ARM status in the AREDS cohort but not the
CHS cohort and ELOVL4 was not significantly associated
ARM 1n e1ther cohort. This study provides additional support
for the CFHand LOC387715 genes in ARM susceptibility via
the evaluation of cohorts that had different ascertainment
schemes 1n regard to ARM status as well as further support
through a meta-analysis.

Example 1

Material and Methods
Families and Case-Control Cohort

A total of 612 AMD families and 184 unrelated controls
were sent to the Center for Inherited Disease Research
(CIDR) for genotyping. Due to possible population substruc-
ture, analysis was restricted to the Caucasian subset of our



US 8,053,190 B2

9

data. The Caucasian subset had 594 AMD families, contain-
ing 1443 genotyped individuals, and 179 unrelated controls.
The Caucasian families contained 430 genotyped affected sib
pairs, 38 genotyped aflfected avuncular pairs, and 52 geno-
typed attected first cousin pairs.

A total o1 323 Caucasian families, 117 unrelated controls,
and 196 unrelated cases were also genotyped locally for addi-
tional SNPs. The local subset contained 824 genotyped indi-
viduals, 298 genotyped affected sib pairs, 23 genotyped
alfected avuncular pairs and 38 genotyped affected first
cousin pairs. PedStats from the Merlin package (Abecasis et
al. 2000) was used to easily get summary counts on family
data.

Affection Status Models

Three classification models (A, B and C) were defined for
the severity of ARM status (Weeks et al. 2004). For simplicity,
attention was restricted to “Type A” affecteds, the most strin-
gent and conservative diagnosis. Only unrelated controls
were unaffected under all three diagnostic models were used.
Unatfected individuals were those for whom eye care records
and/or fundus photographs indicated either no evidence of
any macular changes (including drusen) or a small number
(less than 10) of hard drusen (50 microns or less 1n diameter)
without any other RPE changes. Individuals with large num-
bers of extramacular drusen were not coded as unafiected
when this information was available.

In efforts to examine specific ARM sub-phenotypes, only
those with end stage disease, either those with evidence of a
choroidal neovascular membrane (CNV) 1n eitther eye, or
those with geographic atrophic (GA) 1n either eye were cho-
sen to look at. There are a significant number of individuals
who have been reported to have both geographlc atrophy and
CNYV, though this 1s problematic since 1t 1s often difficult to
tell 1n these cases 11 the geographic atrophy 1s secondary to the
damage from the CNV or from the treatment given to limait the
CNYV growth (1.¢., laser, surgery, or photodynamic therapy).
Because 1t 1s often difficult to discern from photographs or
records 11 a person had GA 1n an eye prior to the development
of a CNV, those patients who had both pathologies within the
CNV group were included. However, only a subset of this
overlapping group were allowed to be included within the
geographic atrophy group, specifically if there was reported
geographic atrophy 1n one eye that did not have evidence of a
CNYV. Table 1 shows the numbers of such individuals for each
of the three case sets. This approach may have excluded a
small proportion of individuals from the geographic atrophy
group who had asymmetric geographic atrophy prior to the
development of CNV 1n the same eye or who may have had

bilateral geographic atrophy, but developed CNV’s 1n both
eyes.

TABL.

1

(L]

The distribution of subphenotypes in patients with
advanced ARM. Numbers 1n parentheses refer to
number of individuals with both CNV and GA and also
included in GA group (see the text for the selection criteria)
for odds ratio and attributable risk estimation and association tests.

Cases from Cases from [.ocal unrelated
CIDR families local families cases
GA no GA GA no GA GA no GA
CNV 220 (706) 187 130 (45) 106 71 (17) 59
no CNV 108 62 57 28 40) 26
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Pedigree and Genotyping Errors and Data Handling

The program PedCheck (O’Connell and Weeks 1998 Ped-
Check: A program for identilying genotype incompatibilities
in linkage analysis. Am J Hum Genet 63:259-266) was used
to check for Mendelian inconsistencies. Since 1t can be
extremely difficult to determine which genotype within a
small family 1s erroneous (Mukhopadhyay et al. 2004 Com-
parative study ol multipoint methods for genotype error
detection. Hum-Hered 58:175-189), all genotypes were set at
cach problematic marker to missing within each family con-
taining a Mendelian inconsistency. Mega2 (Mukhopadhyay
et al., Mega2: data-handling for facilitating genetic linkage
and association analyses. Biomformatics 2005 May 13;
21(10):2556-7) was used to set up files for linkage analysis as
well as for allele frequency estimation by gene-counting.
Allele Frequencies and Hardy Weinberg Equilibrium

The allele frequencies used 1n the linkage analyses were
estimated, by direct counting, from the unrelated and unat-
tected controls. All controls were unatfected under all three
alfection status models. Genotyped spouses that had no chil-
dren or children who are not yet part of the study were com-
bined with the controls for this study. The exact test of Hardy-
Wemberg  equilibrium, i1mplemented 1n @ Mega2
(Mukhopadhyay et al. 2005 Mega?2: data-handling for facili-
tating genetic linkage and association analyses. Bioinformat-
ics), was performed on our SNPs.

Mendel version 5 (Lange et al. 2001 MENDEL Version
4.0: A complete package for the exact genetic analysis of
discrete traits 1n pedigree and population data sets. Am J of
Hum Genet 69 (Supplement): A1886) was also used to esti-
mate allele frequencies directly from the family data, as Men-
del properly accounts for relatedness of the subjects while
estimating the allele frequencies. Since the majority of the
genotyped family members are affected, these estimates are
quite close to estimates obtained using unrelated affected
cases.

Genetic Map

The Rutgers combined linkage-physical map (version 2.0)
(Kong et al. 2004 A combined linkage-physical map of the
human genome. Am J Hum Genet 75:1143-1148) was used to
predict the genetic position of the SNPs that were not already
present 1in the Rutgers map. Since the distribution of our SNPs
1s very dense 1n the regions of interest, the estimated recom-
bination between several SNPs was zero; in these cases the
recombination was set to 0.000001. The physical positions
were obtained for all of our SNPs from NCBI dbSNP data-
base (human build 33).

Linkage Disequilibrium Structure

Ignoring high linkage disequilibrium (LD) between SNPs
when performing linkage analysis can result in false positive
findings (Schaid et al. 2002 Caution on pedigree haplotype
inference with software that assumes linkage equilibrium.
Am J Hum Genet 71:992-9935; Huang et al. 2004 Ignoring
linkage disequilibrium among tightly linked markers induces

talse-positive evidence of linkage for affected sib pair analy-
s1s. Am J Hum Genet 75:1106-1112). Efiforts to take high

SNP-SNP LD into account included the following:

1. The LD structure 1n unrelated controls was studied using,
the H-cluster method (Rinaldo et al. 2005 Characterization of
multilocus linkage disequilibrium. Genetic Epidemiology
28:193-206), which 1s implemented 1n R (R Development
Core Team 2004 R: A language and environment for statisti-
cal computing. R Foundation for Statistical Computing,
Vienna, Austria. ISBN 3-900051-07-0). The aim was to deter-
mine haplotype-tagging SNPs (htSNPs) for linkage analysis.
The method uses hierarchical clustering to cluster highly
correlated SNPs. After the clustering, the H-clust method




US 8,053,190 B2

11

chooses a htSNP for each cluster; the htSNP 1s the SNP that 1s
most correlated with all other SNPs 1n the cluster. The SNPs
were chosen so that each SNP had a correlation coetficient
(r) greater than 0.5 with at least one htSNP;

2. The program HaploView (Barrett et al. 2005 Haploview:
analysis and visualization of LD and haplotype maps. Bioin-
formatics 21:263-265.) was used to get a graphical view of
SNP-SNP LD along Chromosomes 1 and 10; and

3. Haplotype-based association analyses was performed
using two and three-SNP moving windows (See below).
Linkage Analysis

1. Single point analysis. As in our previous study (Weeks et
al. 2004), LOD scores were computed under single simple
dominant model (disease allele frequency=0.0001 and pen-
etrance vector=[0.01 0.90 0.90]). Due to the complexities and
late-onset of the ARM phenotype, only two disease pheno-
types were used: “affected under model A” and “unknown”™.
Parametric LOD scores were computed under heterogeneity
(HLOD), while model-free LOD scores were computed using
the linear S_,, statistic. Both scores were computed using
Allegro (Gudbjartsson et al. 2000 Allegro, a new computer
program for multipoint linkage analysis. Nat Genet 25:12-
13.).

2. Multipoint analysis 1gnoring linkage disequilibrium.
Since nter-marker distances are often very small, LD
between SNPs can be high and thus violate the assumption of
no LD made by most linkage analysis programs. Multipoint
analyses 1gnoring LD were performed using Allegro (Gudb-
jartsson et al. 2000). Both HLODs and S_,, statistics were
computed.

3. Multipoint analysis using htSNPs. When using only the
htSNPs for LLOD score calculation, the number of SNPs
decreases to 533 on Chromosome 1 and 159 on Chromosome
10. Multipoint LOD analyses were done as before (Weeks et
al. 2004). The SNPs that were omitted {it well to the SNP-
SNP LD structure estimated with HaploView (Barrett et al.
2005).

Association Analysis

In order to use all of the cases from the families, the new
CCREL program (Browning et al. 2005 Case-Control single-
marker and haplotypic association analysis of pedigree data.
Genet Epidomiol 28:110-122.) was used, which permits one
to test for association using related cases simultaneously with
unrelated controls. CCREL was used to analyze SNPs under
the linkage peak on Chromosomes 1 and 10 to test for asso-
ciation. The CCREL test accounts for biologically-related
subjects by calculating effective number of cases and con-
trols. For these analyses, unrelated controls were given a
“normal” phenotype, while family members that are not
alfected with ‘Type A” ARM were given an “unknown” phe-
notype (The CCREL approach has not yet been extended to
permit one to simultaneously use both related cases and
related controls). The effective number of controls for each
SNP used for association testing 1s therefore number of con-
trols genotyped for that SNP. An allelic test, a haplotype test
using two SNP sliding window, a haplotype test using three
SNP sliding window and a genotype test were performed. The
CCREL R package was used for analysis as provided by the
authors (Browning et al. 2003).

GIST Analysis

To explore which allele/SNP contributes the most to the
linkage signal, the genotype-IBD sharing test (GIST) was
performed using locally genotyped SNPs and significant
SNPs, from the CCREL test, around the linkage peak on both
Chromosomes 1 and 10. The GIST test determines 1f an allele
or an allele 1n LD waith 1t accounts 1n part for observed linkage
signal (L1 et al. 2004). Weights were computed for each
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aifected sibship under three different disease models (reces-
stve, dominant, additive)—these weights are unbiased under
the null hypothesis of no disease-marker association. The
correlation between the family weight variable and nonpara-
metric linkage (NPL) score 1s the basis of the test statistic.
Since the GIST test1s currently only applicable to atfected sib
pair families, families were broken into their component
nuclear families before computing the NPL scores. Since the
underlying disease model was unknown, we tested under
three different disease models (recessive, dominant, addi-
tive), and then took the maximum, using a p-value that was
adjusted for multiple testing over the three models.

Tripartite Analyses

Analyses were carried out 1n three sequential steps. First,
the set of data that had been genotyped at CIDR was analyzed.
Second, after locally genotyping 8 additional SNPs 1n the
PLEKHAIL/LOC387715/PRSS11 region on Chromosome
10, the locally-genotyped data set was then analyzed. Note
that all of the known non-synonymous SNPs in the PLE-
KHA1 through PRSS11 region were mvestigated. As these
two data sets differ 1n size and composition, 1t 1s most straight-
forward to analyze them separately (Table 2). Allele fre-
quency estimation, CCREL association testing, and GIST
testing were carried out on both of these (overlapping) data
sets as described above. Third, we tested for interaction
between the Chromosome 1 and Chromosome 10 regions was
tested, as well as examined whether or not the risk differed as
a function of the presence of either geographic atrophy or
choroidal neovascular membranes.

TABLE 2
Summary of statistical analysis and sample sizes in each part.
PART Analysis Set of SNPs and sample used  Results
I htSNP CIDR SNPs on 179 controls
selection
SNP-SNP LD  CIDR SNPs on 179 controls FIGS.
3A-3D and
SA-5C
Linkage CIDR SNPs and htSNPs on FIGS.
594 ARM famuilies 2,3
Allele Mendel 5 on 594 ARM Table 5
frequencies families
Counting on 179 controls
CCREL CIDR SNPs on 594 ARM Table 5
families and 179 controls
GIST 594 ARM families broken Table 5
down to 734 typed nuclear
families
11 Allele All SNPs (CIDR and local) Table 6
frequencies Mendel 5 on 323 ARM
families
Counting 117 controls
CCREL CIDR SNPs and local SNPs Table 6
within genes, 323 families
and 117 controls
GIST 323 ARM families broken Table 6
down to 407 typed nuclear
families
SNP-SNP LD  CIDR and local SNPs within  FIG. 6
genes on 117 unrelated
controls
111 Interaction See GIST 1in I and II above Tables
with GIST 5,6
Logistic CIDR SNPs, 577 cases and Table 7
regression 179 controls
OR and AR CIDR SNPs, 577 cases and Table 8
179 controls

Local SNPs, 517 cases (321
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TABLE 2-continued

SUmmary of statistical analysis and Smnple sizes 1n each part.

PART

Analysis

OR and AR
of subtypes
CIDR SNPs

Local SNPs

Set of SNPs and sample used  Results

from famuilies, 196
sporadic) and 117 controls
Table 9

CNV: 407 cases and 179
controls

GA: 184 cases and 179
controls

CNV: 366 casesand 117
controls

GA: 159 and 117 controls

10

15

14

Part I: Analysis of CIDR SNPs
CIDR SNP Genotyping

To 1dentity the responsible gene on Chromosome 10g26,
the Center for Inherited Disease Research (CIDR) carried out

high-density custom SNP genotyping of 612 AMD families
and 184 unrelated controls with 199 SNPs spanning 13.4 Mbp
(26.7 cM) spanning our region of interest. For analysis 196
SNPs were used: three were skipped due to lack of polymor-
phism in the controls (when this was checked within the
family data, the missing allele was extremely rare and only
present in heterozygotes). 684 SNPs spanning 45.7 Mbp
(47.1 cM) on Chromosome 1g31 were also genotyped; five
SNPs were skipped due to lack of polymorphism in the con-
trols—the missing allele was either not present or very rare
and only present in heterozygotes in the family data. See
Table 3 for the correspondence between allele labels provided
herein and the actual alleles, and, for non-synonymous SNPs,
the amino acid change.

TABLE 3

Allele labeling. For each marker investigated, allele labels, amino acid change of non-
synonymous SNPs, allele frequency in CIDR controls (179) and allele frequency n

local controls (117 overlap CIDR controls) and HWE p-value of the exact test.

SNP

rs0058788

rs1538687

rs1416962

1946755

rs6428352

rs800292

rs1061170

rs10922093

rs70620

rs1853883

rs1360558

1955927

rs4350226

154752266

1915394

rs1268947

rs1537576

12039488

rs1467813

18927427

154146894

1s12258692

rs4405249

rs1045216

rs1882907

rs10490923

Allele

Q0000 FQ 0000 QFHQFQFFHQFO003 2000090030 320 5

Label Amino Acid  CIDR controls Local controls HWE P-value
1 0.511 0.483 0.58
2 0.489 0.517
1 0.693 0.658 0.41
2 0.307 0.342
1 0.648 0.607 0.44
2 0.352 0.393
1 0.636 0.620 0.70
2 0.344 0.380
1 0.997 0.996 1.00
2 0.003 0.004
1 =Ile Ile62Val 0.232 0.269 0.82
2 =Val 0.768 0.731
1 =Tyr Tyrd402His 0.690 0.26
2 = His 0.310
1 0.295 0.66
2 0.705
1 0.173 0.150 0.28
2 0.827 0.850
1 0.511 0.568 0.45
2 0.489 0.432
1 0.397 0.389 0.70
2 0.603 0.611
1 0.609 0.615 0.85
2 0.391 0.385
1 0.905 0.897 0.34
2 0.095 0.103
1 0.777 0.774 0.1%8
2 0.223 0.226
1 0.813 0.791 1.00
2 0.187 0.209
1 0.883 0.885 0.65
2 0.117 0.115
1 0.567 0.581 0.35
2 0.433 0419
1 0.885 0.885 0.01
2 0.115 0.115
1 0.293 0.295 0.66
2 0.707 0.705
1 0.464 0.487 0.10
2 0.536 0.513
1 0.466 0.474 1.00
2 0.534 0.526
1 = Pro Pro233Arg 1.000 -
2 =Arg 0.000
1 0.158 1.00
2 0.842
1 =Ala Ala320Thr 0.573 0.46
2 =Thr 0.427
1 0.813 0.816 0.76
2 0.187 0.184
1 =Arg His3Arg 0.859 0.39
2 = His 0.141
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Allele labeling. For each marker 1nvestigated, allele labels, amino acid change of non-

synonymous SNPs, allele frequency in C
local controls (117 overlap C

)R controls (179) and allele frequency 1n
)R controls) and HWE p-value of the exact test.

SNP Allele Label Amino Acid CIDR controls Local controls
rs2736911 C 1 = Arg Arg38Ter 0.881
T 2 ="Ter 0.119
rs10490924 G 1 =Ala Ser69Ala 0.807
T 2 = Ser 0.193
rs11538141 A 1 =Glu Gly54Glu 0.995
G 2 =Qly 0.005
rs760336 T 1 0.520 0.526
C 2 0.480 0.474
rs763720 A 1 0.212 0.226
G 2 0.78% 0.774
rs1 803403 T 1 = Cys Cys384QGly 0.030
G 2=Qly 0.970

Part II: Analysis of Locally Genotyped SNPs

Local SNP Genotyping—Eight additional. SNPs on Chro-
mosome 10 overlying three susceptibility genes, PLEKHAI
(rs12258692, 1rs4405249 and rs1045216), LOC387715
(rs10490923, rs2736911, rs10490924) and PRSSI11
(rs11538141, rs1803403) were genotyped. This genotyping
elfort included all of the non-synonymous SNPs that have
been reported for these genes in the NCBI databases (see
FIGS. 1-1 and 1-2). As part of another study (Conley et al.
2005 Candidate gene analysis suggests a role for fatty acid
biosynthesis and regulation of the complement system 1n the
ctiology of age-related maculopathy), two CFH variants
(rs10922093 and rs1061170) were genotyped, which, used
here as well. Genotyping of additional SNPs under the
GRKS5/RGS10 locus 1s 1 process. Genotype data for
rs12258692, rs1803403 and the newly characterized SNP,
rs4405249, one base 3' to rs12258692, was collected by
sequencing (Rexagen Corporation, Seattle, Wash.) and ana-
lyzed using Sequencher software (Gene Codes Corporation,

Ann Arbor, Mich.). Genotype data for rs11538141,
rs2736911, rs10490923 and rs10490924 was collected using
RFLP. The primers, amplification conditions and restriction
endonucleases, where appropriate, can be found 1n Table 4 for
SNPs that were genotyped by sequencing or RFLP.

TABLE

4

Primers,

20

25

30

35

40

HWE P-value

1.00
0.21
1.00
0.58%
0.79

1.00

Genotype data forrs1045216 was collected using a 5' exo-
nuclease Assay-on-Demand TagMan assay (Applied Biosys-
tems Incorporated, La Jolla, Calif.). Amplification and geno-
type assignments were conducted using the ABI7000 and
SDS 2.0 software (Applied Biosystems). Two unrelated
CEPH samples were genotyped for each variant and included
on each gel and in each TagMan tray to assure 1nternal con-
sistency in genotype calls. Additionally, double-masked
genotyping assignments were made for each variant, com-
pared, and each discrepancy addressed using raw data or
re-genotyping. See Table 3 for the correspondence between
allele labels provided herein and the actual alleles, and, for
non-synonymous SNPs, the amino acid change.

Part III: Interaction and Odds Ratio (OR) Analysis

Unrelated cases—No unrelated cases were genotyped by
CIDR, but 196 unrelated cases were genotyped locally for
additional SNPs. For computation of odds ratios and for inter-
action analyses (see below), a set of unrelated cases were
generated by drawing one “Iype A aflected person from
cach family. 321 locally-genotyped families had at least one
“Type A” affected person. IT a family had more than one “A”
alfected person, the person that was genotyped the most 1n
rs800292 (CFH), rs1061170 (CFH), rs1537576 (GRKS) and
rs4146894 (PLEKHAT1) was chosen; 1f the number of geno-

annealing conditions and restriction endonucleases used

for genotype data collection for those genotyped via sequencing

or RFLP. NA = not applicable

Annealing
SEQ ID Temp Restriction
Variant Primer Sequences NO : (¢ C.) Enzyme
rel1l1538141 CAG AGT CGC CAT GCA GAT CC (F) 1 58 MnlI
CCC GAA GGG CAC CAC GCA CT (R) 2
rs2736911 GCA CCT TTG TCA CCA CAT TA (F) 3 54 Dralll
GCC TGA TCA TCT GCA TTT CT (R) 4
rsl0490923 GCA CCT TTG TCA CCA CAT TA (F) 5 54 Hhal
GCC TGA TCA TCT GCA TTT CT (R) 6
rs10490924 GCA CCT TTG TCA CCA CAT TA (F) 7 54 Pvull
GCC TGA TCA TCT GCA TTT CT (R) 8
rs1803403 TGC TGT CCC TTT GTT GTC TC (F) 5 55 NA
AGA CAC AGA CAC GCA TCC TG (R) 10
rel2258692 GCC AGG AAA AGG AAC CTC (F) 11 54 NA
GCC AGG CAT CAA GTC AGA (R) 12
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typed SNPs did not distinguish between two persons, the
person who developed the disease younger was chosen, and
otherwise ‘A’ affected cases were drawn at random from the
persons genotyped the most and with the earliest age of onset.
577 CIDR families had at least one “A” atlected person, 321
of these families were also genotyped locally, and the ‘A’
alfected person was chosen to be the same as for the local set.
For the remaiming 256 families, selection was based on the
same criteria as above except only rs800292 (CFH),
rs1537576 (GRKYS), and rs4146894 (PLEKHAI1) were used
to find the person with the most complete genotyping.
Analysis of Interaction with CFH

Possible interaction between CFH on Chromosome 1 and
the genes on Chromosome 10 were investigated by testing,
with the GIST if SNPs in CFH contributed to the linkage
signal on Chromosome 10 and SNPs on Chromosome 10
contributed to the linkage signal on Chromosome 1. This was
done by using weights from SNPs on one chromosome and
family-based NPLs from the other.

Logistic regression also was used to evaluate different
interaction models and test for interaction following the
approach described by North et al. (2005) Application of
logistic regression to case-control association studies involv-
ing two causative loci. Hum Hered 359:79-87. In this
approach, many different possible models of the interactions,
allowing simultaneously for additive and dominant effects at
both of the loci1 are fit, and relative likelihoods of the different
models are compared 1n order to draw inferences about the
most likely and parsimonious model. As previously described
(North et al. 2005), the models fit include a MEAN model 1n
which only the mean term 1s estimated, ADD1, ADD2 and
ADD models which assume an additive effect at one or other
or both loci, DOMI1, DOM2 and DOM models which addi-

tionally incorporate dommance elfects and two further mod-

els, ADDINT and DOMINT, which allow for interactive
elfects (For more detail, please see North et al. (2003)). Since
some pairs of these models are not nested, they were com-
pared using the Akaike information criteria (AIC); 1n this
approach, the model with the lowest AIC 1s considered the
best fitting and the most parsimonious. For these analyses, the
program provided by North and his colleagues was used.
After some bugs that we discovered had been fixed; the results
were double-checked with our own R program. To maximize
the sample size, CIDR SNPs in high LD with a highly sig-
nificant non-synonymous SNP within each gene were chosen.
The CIDR SNP rs800292 was chosen to represent
rs10611710 (Y402H vaniant of CFH), and the CIDR SNP
rs4146894 represents rs1045216 in PLEKHAI1. Similarly, a

representative CIDR SNP 1n GRKS5, RGS10, and PRSS11

was selected.
Magnitude of Association

Crude odds ratios was calculated and attributable risk for
SNPs was estimated in each gene. The allele that was least
frequent 1n the controls was considered to be the risk allele.
Attributable risk was estimated using the formula
AF=100*P*(OR-1)/(1+P*(OR-1), where OR 1s the odds
rat1o and P 1s the frequency of the risk allele 1n the population,
as estimated from the controls. This was done using ‘“Type A’
alfecteds compared to controls, subjects with CNV compared
to controls and subjects with GA compared to controls. To use
maximum possible sample size different, but overlapping,
samples for CIDR and locally typed SNPs were used. 577
cases drawn from the families and 179 unrelated cases were
used for calculating OR and AR of CIDR SNPs but 517 cases
(of whom 321 are within the 577 CIDR SNP cases) and 117
controls (all within the 179 CIDR SNP controls) for calculat-
ing the OR and AR on the locally genotyped SNPs.
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Multiple Testing Issues

In view of very strong evidence from previous studies that
there 1s an ARM-susceptibility locus in the Chromosome
10926 region, the analyses performed here are aimed at esti-
mating the location of the susceptibility gene, rather than
hypothesis testing. Multiple testing 1ssues are most crucial
and relevant in the context of hypothesis testing. In estima-
tion, the focus of these studies 1s simply where the signal 1s the
strongest. In any event, any correction for multiple testing
would not alter the rank order of the results. A Bonterroni
correction, which does not account for any correlation
between tests due to LD, for 196 tests at the 0.05 level would
lead to a significance threshold of 0.05/196=0.00026; corre-
lations due to LD would lead to a larger threshold.

Results

Analyses were carried out 1n three sequential steps. First,
the set of data that had been genotyped at CIDR was analyzed.
Second, after locally genotyping 8 additional SNPs 1n the
PLEKHA1/LOC387715/PRSS11 region on Chromosome
10, we then analyzed the locally-genotyped data set was
analyzed. Allele frequency estimation, testing for Hardy-
Weinberg equilibrium (Table 3), CCREL association testing,
and GIST testing was carried out on both of these (overlap-
ping) data sets as described above. Third, interaction between
the Chromosome 1 and Chromosome 10 regions was ana-
lyzed and whether or not the risk differed as a function of the
presence ol either geographic atrophy or choroidal neovas-
cular membranes was examined.

Part I: Analysis of CIDR SNPs
CIDR Linkage Results

Using the CIDR SNPs and applying the same linkage
analysis approaches as in our previous studies (Weeks et al.
2004), the peak of the Sall multipoint curve on Chromosome
10 implicates the GRKS region (*G’ 1n FIG. 2; rs1537576 1n
GRKS5 had single-point Sall of 1.87 while the maximum
single-point Sall of 3.86 occurred at rs355938, 206 kb cen-
tromeric of GRKY), but several elevated two-point non-para-
metric Sall LOD scores and our highest heterogeneity LOD
score (HLOD) that draw attention to the PLEKHAI/
LOC387715/PRSS11 region (“P” in FIG. 2). In this region,
SNP rs4146894 in PLEKHAT1 had a two-point Sall of 3.34
and the highest two-pomnt HLOD of 2.66, while SNPs
rs760336 and rs763720 1n PRSS11 had two-point Sall’s of
2.69 and 2.23 respectively. However, the support interval 1s
large (10.06 cM, FIG. 2), and so localization from the linkage
analyses alone 1s rather imprecise.

The effect of failing to take SNP-SNP LD into account was
explored by comparing the multipoint scores with all SNPs
(FIG. 2-1) to those computed with only the htSNPs (FIG.
2-2). Two of the peaks almost vanish completely (referred to
as false peaks, “F’s, in FIG. 2, left panel) when only using
H-clust SNPs; interestingly these two peaks lie within haplo-
type blocks (FIGS. 3A and 3B) while the LD around the
highest multi- and two-point LOD scores 1s low (FIGS. 3C,
3D-1, 3D-2, 3D-3 and 3D-4]), indicating the importance of
taking LD 1nto account when performing linkage analysis.

Linkage results on Chromosome 1 gave three peaks with
Sall greater than 2, only one of those peaks was observed
when analysis was restricted to htSNPs (FI1G. 4). This remain-
ing peak overlies the complement factor H (CFH) gene and

includes two SNPs with very high two-point Sall and HLOD
scores; rs800292, a non-synonymous SNP 1n CFH, had a Sall
of 1.53 and a HLOD o1 2.11, while SNP rs1853883, 165 kb
telomeric of CFH, had a Sall of 4.06 and a HLOD of 3.49.
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These results strongly support earlier findings of CFH’s
involvement i ARM (Conley et al. 2005; Edwards et al.
2005; Hageman et al. 2005b A common haplotype 1n the
complement regulatory gene factor H (HF1/CFH) predis-
poses individuals to age-related macular degeneration. Proc

Natl Acad Sc1 USA.; Haines et al. 2005; Klein et al. 2005;
Zareparsi et al. 2005a). The vanishing peaks (‘F’s in FI1G. 4-1)
we saw when using all of our SNPs 1n the linkage analysis are

located within strong haplotype blocks (FIGS. 5A and 5B),

while the LD under the CFH peak is relatively low (FI1G. 5C).
CIDR Association Results

For finer localization than can be obtained by linkage,
association analyses was employed (which were very suc-
cessiul i discovering CFH on Chromosome 1). Here, asso-
ciation analyses was performed using the CCREL approach,
which permits one to simultaneously use our unrelated con-
trols and all of our related familial cases by appropnately
adjusting for the relatedness of the cases. In the CIDR sample
on chromosome 10, within our linkage peak, we found a

cluster of four adjacent SNPs was identified having very
small p-values (rs4146894, rs1882907, rs760336 and

rs7637720) that overlies three genes: PLEKHA1, LOC3877135
and PRSS11. The strongest CCREL results on chromosome
10 were in PLEKHA1 with SNP rs4146894 (Table 35). The
moving window haplotype analyses using three SNPs at a
time (“haplo3”) results in very small p-values across the
whole PLEKHATI to PRSS11 region (Table 5). The associa-
tion testing also generates some moderately small p-values in
the GRKS5 region, which 1s where the highest evidence of
linkage occurs.

The CCREL was performed on 56 SNPs spanning the

linkage peak on Chromosome 1 and found two highly signifi-
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cant SNPs (rs800292 and rs1853883) that overlie CFH (Table
5). The moving window haplotype analysis using two
(“haplo2”) and three (“haplo3™) SNPs at a time results 1n
extremely low p-values across the whole CFH gene (Table 5)
and again supporting earlier findings of strong association of

CFH with ARM.
CIDR GIST Results

When GIST testing 1s carried out on the CIDR data set, the
two smallest p-values (0.006, 0.004) in Chromosome 10q26
occur 1n the GRKS5/RGS10 region, while the third smallest
p-value (0.008) occurs in PLEKHAT1 (Table 5). All four SNPs
in the GRKS5 gene have small GIST p-values. The GIST
results suggest that both GRKS5 and PLEKHA1 contribute
significantly to the linkage signal on Chromosome 10, and
CFH to the linkage signal on Chromosome 1. Neither of the
two SNPs 1n PRSS11 contributes significantly to the linkage
signal on Chromosome 10. There was no evidence that these
two genes on Chromosome 10 were related to the linkage
signal seen on Chromosome 1.

Part II: Analysis of Locally Genotyped SNPs

[.ocal Association Results

After typing additional SNPs locally, the allele and geno-
type test generate extremely small p-values 1n each of the

three genes PLEKHA1/LOC387715/PRSS11 (Table 6). The

moving window haplotype analyses using three SNPs at a
time (“haplo3™) results in very small p-values across the

whole PLEKHA1/LOC387715/PRSS11 region (Table 6).
Thus, while association implicates the PLEKHAIL/

LOC387715/PRSS11 region, 1t does not distinguish among
these genes.

TABLE 5
CCREL, GIST, and allele frequency estimation on families (594) and controls (179)
typed at CIDR.
GENE SNP families controls allele_test  haplo2 haplo3 geno_test GIST (NPL 10) GIST (NPL 1)
rs6658788  0.460 0.489 0.28475 0.01470 0.00775  0.35658 0.106 0.055
rs1538687  0.234  0.307 0.00141 0.00204 0.00675  0.00424 0.781 0.129
rs1416962  0.321 0.352 0.13492 0.34246 0.36032  0.32841 0.566 0.019
r$946755 0.317 0.344 0.16812 0.16876 <0.00001  0.32938 0.513 0.012
rs6428352  0.001 0.003 1.00000 <0.00001 <0.00001 1.00000
CFH rs800292 0.132 0.232 <0.00001 <0.00001 <0.00001 <0.00001 0.437 0.001
CFH rs70620 0.147 0.173 0.19864 <0.00001 <0.00001  0.42335 0.893 0.333
rs1853883  0.630 0.489 <0.00001 <0.00001 <0.00001 <0.00001 0.521 <0.001
rs1360358  0.425 0.397 0.42543 0.67049 0.01558  0.71496 0.183 0.296
r$955927 0.416 0.391 0.43909 0.01146  0.03400  0.73224 0.065 0.145
rs4350226  0.055 0.095 0.00250 0.00988  0.00964  0.00266 0.171 0.242
GRK35 rs4752266  0.220 0.223 0.78366 0.26028 0.29913 0.04848 0.088 0.475
GRK35 rs915394 0.214  0.187 0.12637 0.17970 0.00350  0.31197 0.028 0.643
GRK35 rs1268947  0.112 0.117 0.89140 0.01174 0.01398  0.96369 0.052 0.345
GRK35 rs1537576  0.507 0.433 0.02286  0.01822 0.02755  0.04309 0.006 0.251
rs2039488  0.078 0.115 0.01603 0.09338 0.12306  0.06163 0.004 0.609
RGS10 rs1467813  0.286 0.293 0.73004  0.77610 0.89538  0.81737 0.539 0.582
1$927427 0.514 0464 0.05480 0.00002 0.00001 0.05244 0.198 0.577
PLEKHALl 1rs4146894 0598  0.466 <0.00001 <0.00001 <0.00001 <0.00001 0.008 0.802
rs1882907  0.127 0.187 0.00264 0.00009 0.00004  0.00513 0.169 0.172
PRSS11 rs760336 0.395 0.480 0.00280 0.00075 0.00089  0.01281 0.232 0.581
PRSS11 rs763720 0.295 0.212 0.00043 0.00059 0.00337  0.00248 0.198 0.021

Frequency of minor allele inthe controls 1s reported for both controls (estimated by counting) and families (estimated by Mendel version 3), the allele frequency
15 bolded 1f the allele frequency differs between controls and families by more than 0.1.

P-values for allele test, haplotype 2 SNP moving window test, haplotype 3 SNP moving window test and genotype test from the CCREL are bolded if =0.05
and bolded and underlined 1f =0.001.

GIST P-values using NPL scores from Chromosome 1 and 10 are reported and bolded 1f less than 0.05, and bolded and underlined 1f =0.001.
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CCREL, GIST, and allele frequency estimation on locally-typed families (323)

and controls (117).

GENE SNP families controls allele_test  haplo2 haplo3 geno_test GIST (NPL 10) GIST (NPL 1)
rs6658788 0.563 0.483 0.02200 0.00052 0.00162 0.04920 0.319 0.244
rs1538687 0.213 0.342 0.00004 0.00043 0.00066  0.00014 0.652 0.302
151416962 0.299 0.393 0.00597  0.02623 0.02051 0.01819 0.442 0.041
15946755 0.295 0.380 0.01234 0.01243 <0.00001 0.04531 0.409 0.040
156428352 0.001 0.004 1.00000 <0.00001 <0.00001 1.00000
CFH 1s800292 0.120 0.269 <0.00001 <0.00001 <0.00001 <0.00001 0.315 0.014
CFH rs1061170 0.609 0310 <0.00001 <0.00001 <0.00001 <0.00001 0.895 0.132
CFH rs10922093 0.210 0.295 0.00693 0.00175 <0.00001 0.01723 0.360 0.327
CFH 1570620 0.148 0.150 091163 <0.00001 <0.00001 0.56770 0.737 0.356
rs1853883 0.633 0.432 <0.00001 <0.00001 <0.00001 <0.00001 0.776 0.011
rs1360558 0.437 0.389 0.18014  0.43576 0.02079 0.37993 0.975 0.488
1s955927 0.433 0.385 0.15343 0.01037 — 0.36087 0.017 0.585
154350226 0.050 0.103 0.00312 — — 0.00373 0.228 0.174
GRKS3 154752266 0.223 0.226 0.81772 0.27748 0.64917 0.08279 0.107 0.453
GRK35 15915394 0.228 0.209 0.34489 0.83219 0.05560 0.62183 0.049 0.320
GRKS3 151268947 0.117 0.115 0.81975 0.02748 0.02192 0.78965 0.049 0.689
GRKS5 151537576 0.497 0.419 0.02604 0.02232 0.05636 0.06334 0.012 0.023
152039488 0.083 0.115 0.11177 0.42428 — 0.42399 0.025 0.358
RGS10 151467813 0.293 0.295 0.86608 — — 0.85954 0.506 0.492
15927427 0.506 0.487 0.56710 0.00056 0.00083 0.42264 0.306 0.625
PLEKHALl 154146894 0.611 0.474 0.00004 0.00012 0.00053 0.00024 0.006 0.737
PLEKHALl  rsi2258692 0.008 0.000 1.00000 0.54750 0.00018 1.00000
PLEKHALl 154405249 0.139 0.158 0.39378 0.00026 0.00280 0.33118 0.003 0.345
PLEKHALl  rsl045216 0.289 0.427 0.00004 0.00036 0.00001 0.00026 0.068 0.825
rs1882907 0.131 0.184 0.01761 0.00140 0.01099 0.04401 0.017 0.372
LOC3R7715 rsl0490923 0.089 0.141 0.02112 0.05024 <0.00001 0.03415 0.086 0.251
LOC3R7715 rs2736911 0.121 0.119 0.71668 <0.00001 <0.00001 0.64230 0.312 0.968
LOC3R7715 rsl10490924 0.475 0.193 <0.00001 <0.00001 <0.00001 <0.00001 0.018 0.327
PRSS11 rs11538141 0.004  0.005 1.00000 0.00726 0.01676 1.00000
PRSS11 15760336 0.373 0.474 0.00527  0.01386 0.00036  0.01396 0.479 0.683
PRSS11 15763720 0.296 0.226 0.01645 0.00016 0.03899 0.305 0.451
PRSS11 11803403 0.118 0.030 0.00009 0.00022 0.714 0.778

The frequency of munor allele in the controls 1s reported for both controls (estimated by counting) and families {estimated by Mendel version 3), the allele
frequency 1s bolded 1f the allele frequency differs between controls and families by more than 0.1.
P-values for allele test, haplotype 2 SNP moving window test, haplotype 3 SNP moving window test and genotype test from the CCREL are bolded 1f <= 0.05

and bolded and underhined 1f <= 0.001.

GIST P-values using NPL scores from chromosome 1 and 10 are reported and bolded if less than 0.05. SNPs 1n italics are the locally typed SNPs.

Local GIST Results

Of the three genes PLEKHAIL/LOC387715/PRSSI11,
GIST most strongly implicates PLEKHAT1 (Table 6). It also
generates a small p-value 1n LOC387715 (rs10490924), but
this SNP 1s 1n high LD with the PLEKHA1 SNPs (see FIG.
6A). When the locally-typed data set 1s used, GIST does not
generate any significant results in PRSS11, similar to the
non-significant results observed above 1n the larger CIDR
sample. This implies that PLEKHAI1 (or a locus 1n strong LD
with 1t) 1s the most likely to be mvolved in AMD, and there-
tore LOC387715 remains a possibility.

For a fair assessment of which SNP accounts for the link-
age signal across the region, the NPLs were computed using

only the locally-genotyped families. This permits compari-
son of the PLEKHA1/LOC387715/PRSS11 results in Table 6

directly to the GRK5/RGS10 results. On the locally-typed
data set, the GRKS5 GIST results are also interesting, with
modestly smallish p-values of the same magnitude as the
p-values obtained from applying GIST to CFH (Table 6).
However, note that the p-values are not as small as those seen
when the CIDR data set was analyzed. Since all of the SNPs
in the GRKS5 region are CIDR SNPs, this difference 1s solely
a function of sample size, as the locally-typed data set i1s
smaller than the CIDR data set (See Table 2).
Part I1I: Interaction and Odds Ratio (OR) Analyses
GIST Results

No strong evidence of an 1interaction between the Chromo-
some 1 and Chromosome 10 regions were seen with the GIST
test. When using the CIDR data set, to test if SNPs on chro-
mosome 10 contribute to the linkage signal on Chromosome
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1 (Table 5 “‘GIST (NPL 1)), only rs763720 1n PRSS11 gives

p-value less than 0.05, however rs763720 does not contribute
significantly to the linkage signal on Chromosome 10, mak-
ing this p-value less convincing. When the local data set only
was used, one GRKS variant (rs1337576), which was not
significant in the larger CIDR data set, gives p-value less than
0.05. Similarly, no evidence was seen that SNPs within CFH

contribute to the linkage signal on Chromosome 10, only one
SNP (rs955927) gives p-value less than 0.05, this SNP 1s

however not in CFH and not in strong LD (see FIG. 6B) with
any SNPs 1n the CFH gene.

Logistic Regression Results

The logistic regression suggests that an additive model
including both variants from CFH and PLEKHA1 1s the best
model for predicting case-control status; this indicates that
both genes are important to the ARM phenotype. The AIC
criteria also gives that an additive model including an additive
interaction term 1s the next best model (Table 7), however the
interaction term 1s not significant (p-value=0.71). Similar
results were obtained for interaction between CFH and
PRSS11, where additive model including both varants
appears to be the best model. Within the GRK3/RGS10
region, a model with the CFH SNP alone 1s the best fitting
model, suggesting that the prediction of case-control status

with CFH genotype does not improve by adding either the
GRKS5 or RGS10 variant to the model.
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Results of fitting two-locus models by logistic regression.
Locus 1: rs&00292 (CFH)
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TABLE 7-continued

Results of fitting two-locus models by logistic regression.
L.ocus 1: rs800292 (CFH)

Locus 2 Model AIC AIC Dift Locus 2 Model AIC AIC Dift
1s1537576 MEAN 822.5 23.65 ADDDOM 779.85 6.09
(GRKS5) ADDI1 798.8 0 DOMINT 778.26 4.5
ADD?2 821.2 22.35 rs760336 MEAN 821.9 27.32
ADD 799.1 0.26 (PRSS11) ADDI 798 4 3.78
DOMI1 799.7 0.91 10 ADD?2 817.1 22.54
DOM?2 820.1 21.24 ADD 794.6 0
DOM 7992 0.37 DOMI1 799 .3 4.69
ADDINT 800.9 2.07 DOM2 819 24.37
ADDDOM R02.1 3.25 DOM 796.7 2.14
DOMINT R03.9 5.07 ADDINT 796 1.43
rs1467813 MEAN 821.9 23.53 15 ADDDOM 802.1 /.46
(RGS10) ADDI 708 4 0 DOMINT 803.4 8.75
ADDZ 823.6 2.2 AIC of each model, and difference of the AIC from the best fitting model. Model definitions
ADD 800.3 1.92 are in the text.
DOMI1 799.3 0.91
DOM? {25 2 26.79 (Odds Ratios and Attributable Risk
DOM 802.6 4.23 20  Themagnitude of association was estimated by calculating
ADDINT 801.3 2.93 odds ratio (OR) and attributable risk (AR); the observed sig-
ADDDOM 304.9 6.54 nificant associations (Table 8) were consistent with the results
DOMINT 805.2 0.83 from the CCREL tests in parts I and II. The two most signifi-
rs4146894 MEAN 823.02 49.26 cant SNPs in the PLEKHA1/LLOC387715 region occur at
FLEREAD A0 i o »s SNPs  rs4146894  (PLEKHAI) and  rs10490924
ADD 773 76 0 (LOC387715); these two tests are highly correlated since the
DOMI 200 16 26 41 LD between those SNPs 1s very high (D'=0.93) (see FIG. 6A).
DOM? 203 .44 29 6% The third most significant SNP (rs1045216) 1n the Chromo-
DOM 776.44 2.68 some 10 region 1s a non-synonymous SNP in PLEKHAT1 and
ADDINT 775.62 1.87 in high LD with both rs4146894 (ID'=97) and rs10490924
(D'=0.91).
TABLE 8
Odds ratios (OR), attributable risks (AR) and sumulated p-values from a chi-squared test using 10000 replicates.
Heterozygotes Homozygotes
Dominant ((RR + RN) vs NN) (RN vs NN) Recessive (RR vs (RN + NN)) (RN vs NN)
GENE SNP.allele OR 95% CI AR p-value OR AR OR 95% CI AR p-value OR AR
rsO65878R8.2 0.83 0.57 1.22 -=-14.04 0.3909 1.09 2.69 1.01 0.68 1.5 0.21 1 0.8 -5.92
rs15386K7.2 0.68 049 095 -1938 0.023 0.5 -11.74 042 0.23 0.78 -6.52 0.0068  0.38 -12.42
1s1416962.2 0.84 0.6 1.18  -10.02  0.3418 0.X9 =2.57 082 049 1.38° =-2.31 0.5002  0.77 -5.74
1s946755.2 0.8 0.57 1.13 -=-12.52 0.232 1 0.04 0.9 0.53 1.52 -1.24 0.7816  0.81 —4.34
rs6428352.2 - S - - - - . - - - -
CFH rs800292.1 043 03 0.62 -30.01 <0.0001 0.48 -23.85 0.15 005 045 -4.98 0.0001 0.12  -8.19
CFH rs1061170.2 529 335 835 682 <0.0001 2.66 2855 4.57 248 842 30.06 <0.0001 10.05  63.72
CrFH rsl0922093.1 0.59 0.39 0.88 -25.61 0.0111 0.63 -19.65 0.5 0.24 1.04 —-49% 0.0736  0.41 -10.14
CrH rs70620.1 0.83 0.57 1.19 -5.64  0.3366 0O.85 -4.29 0.67 0.27 1.68 -1.3 0.4525 0.64 -1.93
rs1853883.2 2.67 178 4.01  54.41 <0.0001 1.65 19.21 2.08 143 3.02 22.06 0.0003 3.55  55.04
rs136055%.1 1.16 0.82 1.65 9.12 0414 1.1 5.39  1.25 0.8 1.96 3.94 0.3774 1.32 9.01
1s955927.2 1.13 0.79 1.6 7.5 0.5303 1.28 6.35 1.31 0.83 2.08 4.53 0.2588  1.36 Q.38
1s4350226.2 0.51 0.32 0.%81 -9.68 0.0038 0.27 -4.776 0.16 0.01 1.74  -0.95 0.142 0.14 -1.16
GRKS5 1sd752266.2 0.8% 0.62 1.23 —5.57 04325 3,27 10.68 2.81 0.9% 8.04 3.89 0.0457  2.56 5.51
GRKS 1s915394.2 1.28% 0.9 1.82 8.91 0.1543 1.35 273 1.56 058 414 1.53 0.3892  1.68 2.72
GRKS5 rs1268947.2 1.05 0.7 1.57 1.06 0.841 1.24 1.82 1.27 0.35  4.55 0.45 0.7761 1.28 0.58
GRKS5 rs1537576.2 1.59 1.11  2.29 27.95 0.0109 0.89 -3.74 1.08 0.71 1.62 1.59 0.7579  1.47 15.14
1s203948K8.2 0.7 045 1.07 -6.5 0.1067 0.23 -11.98 0.19 0.04 079 =233 0.0242  0.18 -2.85
RGS10 rs1467813.1 0.96 0.69 1.35 -1.84  0.8645 1.01 042 0.77 042 1.38° =-2.27 0.4265  0.77 -3.76
1s927427.1 1.09 0.74 1.62 6.57 0.6172 0.94 -4.66 1.67 1.09 256 10.73 0.0201 1.6 19.91
PLEKHA1  1s4146894.1 222 149 331 46,78 00002 1.77 33.08 221 1.49 329 2046 <0.0001 3.31  49.88
PLEKHAI rsl22586892.2 — — — — — — — — — — — — — —
PLEKHAIL rs4405249. 1 0.62 0.33 1.15 -12.96 0.1692 0.61 -12.69 0.87 0.1 756 -0.23 1 0.77 —0.57
PLEKHAIL rsi045216.2 0.48 0.32 0.74 -=-51.23 0.0005 0.49 -18.27 037 0.21 0.65 -14.3 0.0003  0.28 -35.68
rs1882907.2 0.58 0.4 0.84 -16.73 0.0026 0.44 -5.79 031 0.1 0.97 =237 0.0438  0.27 -3.65
LOC3R7715 rsi0490923.2 0.53 0.31 0.9 -13.27 0.0239 0.34 -9.01 0.22 0.04 1.09 =251 0.0809 0.2 -3.32
LOC3R7715 rs2736911.2 0.72 042 1.21 -6.92 0.2552 1.47 1.99 1.1 0.13  9.53 0.1 1 1.03 0.04
LOC387715  7510490924.2 503 32 791 5711 <0.0001 2772 22776 5795 246 1346 212  <0.0001 10.57  42.71
PRSS11 rsli1538141.2 — — — — — — — — — — — — — —
PRSS11 rs760336.2 0.64 044 093 -=-3537 0.013 0O.% -6.95 0.69 0.46 1.03 =7.95 0.0773  0.55 -26.43
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TABLE 8-continued

Odds ratios (OR), attributable risks (AR) and simulated p-values from a chi-squared test using 10000 replicates.

Dominant ((RR + RN) vs NN)

GENE SNP.allele OR 95% (1 AR
PRSS11 rs763720.1 1.69 1.2 2.38 21.24
PRSS11 rsi&03403.1 2.98 1.25 77.06 10.51

“Type A” affecteds are compared to controls.

p-value

0.0018
0.0093

Heterozygotes Homozygotes
(RN vs NN) Recessive (RR vs (RN + NN)) (RN vs NN)
OR AR OR 95% CI AR p-value OR AR
1.55 1695 2.63 1.1 6.25 517  0.0277 3.16 10.14

2.98 10.51 — - - - - - -

OR and AR wvalues are bolded and underlined if corresponding p-values are less than 0.001 and bolded 1f less than 0.05.

SNP.allele denotes the SNP measured and the risk allele (mminor allele in controls).

RR denotes homozygotes for the risk allele,
RN denotes heterozygotes for the risk allele and
NN denotes homozygotes for the normal allele.

SNPs 1n 1talics are the locally typed SNPs.

We obtained similar results and similar OR and AR values
(Table 8) as others have reported for the CFH gene. The three
most signmificant SNPs were rs1061170 (Y402H wvariant),
rs800292 (in CFH) and rs1833883 (in strong LD with

rs10611°70, D'=91).

The magnitude of the association seen within PL]

<KL

Al/

LOC387715 1s very similar to the level of association seen
between CFH and ARM; both loci result in extremely low
p-values (p-values<0.0001). The OR and AR values were also
similar, within CFH the dominant OR was 5.29 (953% CI
3.35-8.35) and within PLEKHA1/LOC387715 1t was 5.03
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(95% CI 3.2-7.91), the dominant AR for CFH and PLE-
KHA1/LOC387715 was 68% and 57%, respectively.

Sub-Phenotype Analyses

We estimated odds ratios and attributable risk 1n cases with
exudative disease vs. controls, and cases with geographic
atrophy versus controls (Table 9). Odds ratios and corre-
sponding p-values yield similar findings as the allele test of
CCREL (Table 5 and 6). We found no major differences
between the odds ratios for the presence of either geographic
atrophy or choroidal neovascular membranes.

TABLE 9

OR and AR from analysis of ARM subtypes.

Heterozygotes
Dominant ((RR + RN) vs NN) (RN vs NN)
GENE SNP.allele Subtype  OR 95% CI AR p-value OR AR
rs6658788.2 CNV 0.84 056 1.25 -1341 0.36706 1.21 6.19
rs6658788.2 GA 0.88 055 14 -9.92 0.63064 1.07 2.18
rs15386%7.2 CNV 0.71 0.5 1.02 -17.04  0.07499 0.54  -10.68
rs15386%7.2 GA 0.62 041 094 -23.86  0.0317 0.56 -10.14
1s1416962.2 CNV 0.88 0.61 1.25 -7.7 0.41676 1.02 0.46
1s1416962.2 GA 0.77 051 1.17 -15.12 0.24708 0.69 -7.53
rs946755.2 CNV 0.84 059 1.2 -9.81 0.37326 1.14 2.86
rs946755.2 GA 0.73 048 1.11 -18.1% 0.17258 0.79 -4.46
rs6428352.2 CNV — — — — — — —
rs6428352.2 GA — — — — — — —
CFH rs800292.1 CNV 048 033 0.7 =2697  0.0002 0.53 -21.4
CFH rs&800292.1 GA 039 0.25 0.62 -=33.02 0.0002 0.44 -26.29
CFH rs1001170.2 CNV 5.25 3.22 855 68 <0.0001 2.37 24.74
CFH rs1001170.2 GA 5.76 3.17 1047 7042 <0.0001 3.31 35.78
CFH rs10922093.1 CNV 0.56 0.37 0.85 -28.05 0.0083 0.61 -20.84
CFH rs10922093.1 GA 0.51 031 084 -32.2 0.0089 0.58 -23.06
CFH rs70620.1 CNV 0.77 052 1.14 -745 0.23338 0.8 -5.9
CFH rs70620.1 GA 0.72 045 1.15 -94%8 0.18978 0.78 -6.4
rs18538%83.2 CNV 2,52 1.64 389 5214  0.0002 1.5 15.44
rs18538%83.2 GA 3.54 1.97 636 64.51 <0.0001 1.95 25.93
rs1360558.1 CNV 1.1 0.76  1.59 5.96 0.64364 1.04 2.29
rs13603558.1 GA 1.16 0.75 1.79 9.09 0.57904 1.13 6.6
1$§955927.2 CNV 1.12 078 1.63 7.31 0.51105 1.32 7.01
1$955927.2 GA 1.08 0.7 1.67 5 0.74163 1.18 4.02
rs4350226.2 CNV 0.55 034 091 -8.65 0.0209 — —
rs4350226.2 GA 0.52 0.28 096 -946  0.0462 — —
GRKS5 1s4752266.2 CNV 093 0.65 134 -2.87 0.71243 3.13 10.08
GRKS5 1s4752266.2 GA 0.78 0.51 1.19 -10.33 0.27667  3.67 12.31
GRKS5 1$915394.2 CNV 1.39 096 2.01 1191 0.08469 1.28 2.23
GRKS5 1$915394.2 GA 1.09 0.7 1.67 2.88 0.74493 1.38 2.94
GRK5 rs1268947.2 CNV 1.15 0.75 1.75 3.15 0.52415 1.23 1.72
GRK5 rs1268947.2 GA 0.78 046 132 -5 0.42146 1.24 1.82
GRKS5 rs1537576.2 CNV 1.57 1.07 2.3 27.1 0.0211 0.88 -4.02
GRKS5 rs1537576.2 GA 1.84 1.15 294 3548 0.0143 1.17 5.17
rs2039488.2 CNV 0.76 048 1.2 -5.05 0.28877 0.2 -12.5
1$2039488.2 GA 0.62 0.35 1.09 =83 0.11599 0.27 -11.29
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H O-continued

RGS10 rs1467813.1 CNV 095 0.67 136 -2.31 0.85551 0.98 —-0.68
RGS10 rs1467813.1 GA 0.85 056 1.29 -7.69 0.52905 0.88 -5.73
15927427.1 CNV 1.08 0.72 1.63 5.82 0.75722 091 -6.99
15927427.1 GA 1.1 0.68 1.78 6.67 0.81152  0.98 —-1.63
PLEKHA1l  1rs4146894.1 CNV 2,53 1.64 391 5245 <0.0001 1.94 37.72
PLEKHA1l  1rs4146894.1 GA 209 1.24 351 44 0.0069 1.77 33.08
PLEKHAl  rs12258692.2 CNV — — — — — — —
PLEKHAL1  rs/2258692.1 GA — — — — — — —
PLEKHALl  rs4405249.1 CNV 0.53 0.27 1.02 -16.43 0.06989  0.51 -16.36
PLEKHALl  rs4405249.1 GA 0.63 0.3 1.33 -12.27 0.17898  0.64  -11.43
PLEKHAl  rsi045216.2 CNV 0.5 0.32 0.78 -48.35 0.0026 0.4 -22.18
PLEKHALl  #si045216.2 GA 044 0.26 0.72 -58.72 0.001 0.45 —-19.85
rs1882907.2 CNV 052 035 0.77 -19.38 0.0024 0.7 -3.08
rs1882907.2 GA 0.6 038 095 -159 0.035 0.22 -8.27
LOC3R87715 rsi10490923.2 CNV 048 0.28 0.85 -14.84 0.0114 0.17 -11.63
LOC3R7715 rsl10490923.2 GA 0.74 039 1.38 -7.07 0.41496  0.5% -5.49
LOC3R87715 rs2736911.2 CNV 0.71 041 1.22 -7.12 0.24548 1.22 0.96
LOC3R7715 #s2736911.2 GA 0.62 032 1.19 -9.43 0.13179 2.2 4.96
LOC3R87715 rsi0490924.2 CNV 5.64 352 906 6052 <0.0001 2.81 23.7
LOC3R87715 rsi0490924.2 GA 343 2.02 584 44,55 <0.0001 2.63 21.83
PRSS11 rsl11538141.2 CNV — — — — — — —
PRSS11 rsl1538141.2 GA — — — — — — —
PRSS11 1s760336.2 CNV 0.63 043 092 -37.33 0.0178 0.71 -10.35
PRSS11 1s760336.2 GA 0.63 04 0.98 -36.73 0.0322 0.84 -5.52
PRSS11 1s763720.1 CNV 1.77 1.24 254  23.25 0.0031 1.69 20.43
PRSS11 1s763720.1 GA 1.74 1.14 2.65 225 0.0107 1.4 12.86
PRSS11 rs1803403.1 CNV 333 139 R.02 12.17 0.0035 3.33 12.17
PRSS11 rs1803403.1 GA 3.85 153 972 14.49 0.0039 3.85 14.49
Homozygotes
Recessive (RR vs (RN + NN)) (RR vs NN)
GENE SNP.allele Subtype  OR 95% CI AR p-value OR AR
rs6658788.2 CNV 1.11  0.73  1.68 2.5 0.68123 0.95 -2.26
rs6658788.2 GA 1.01 0.62 1.66 0.35 1 0.92 -3.97
rs15386%7.2 CNV 047 025 09 -5.97 0.0202 0.42 -11.38
rs15386%87.2 GA 045 0.2 1.01 -6.25 0.07239 038 -12.32
1s1416962.2 CNV 095 056 1.62 -0.62 0.89111 0.89 -2.63
15s1416962.2 GA 0.62 031 1.24 -5.07 0.22948  0.57 -11.11
1s946755.2 CNV 1.03 0.6 1.78 0.37 1 0.94 -1.39
1s946755.2 GA 0.69 034 1.38 -3.8 0.37606 0.6 -9.26
1564283522 CNV — — — — — — —
1s6428352.2 GA — — — — — — —
CFH 1s800292.1 CNV 0.21 0.07 0.64 -4.59 0.0033 0.18 -7.64
CFH rs800292.1 GA 0.09 001 0.75 -5.33 0.0113 0.08 -8.66
CFH rs1061170.2 CNV 4.11 2.2 7.69 27.24  <0.0001 9.35 61.82
CFH rs10061170.2 GA 5.66 2.9 11.04 3595 <0.0001 12.26 68.61
CFH rs10922093.1 CNV 0.4 0.18 091 -5.96 0.0327 0.33 -11.72
CFH rs10922093.1 GA 0.26 0.08 0.8 -7.43 0.032 0.21 -14.08
CFH rs70620.1 CNV 0.63 024 1.69 -1.46 0.42256 0.6 2.2
CFH rs70620.1 GA 0.28 0.06 136 -209 0.17068  0.26 -4.1
rs1853883.2 CNV 1.88 1.28 278 18.84 0.0014 3.2 51.28
rs1853883.2 GA 257 1.65 4 29.15 0.0003 5.12 66.42
rs1360558.1 CNV 1.24  0.78  1.98 3.75 0.41376 1.27 7.61
rs1360558.1 GA 1.17 0.68  2.02 2.67 0.67873 1.25 7.14
1s955927.2 CNV 1.34 0.83  2.17 4.9 0.20048 1.38 9.84
1$955927.2 GA 1.2 0.68 2.1 2.86 0.57564 1.22 6.06
1s4350226.2 CNV — — — — — — —
15s4350226.2 GA — — — — — — —
GRK5 1s4752266.2 CNV 2.82 096 R.24 3.9 0.06229  2.63 5.74
GRK5 1s4752266.2 GA 2.88 009 9.23 4.04 0.06909  2.51 5.33
GRK5 1s915394.2 CNV 1.56 057 4.3 1.54 0.48645 1.74 2.96
GRK5 15915394.2 GA 1.42 044  4.58 1.17 0.57824 1.45 1.81
GRK5 1512689472 CNV 1.35 036 5.05 0.58 0.76382 1.39 0.8
GRK5 rs1268947.2 GA 1 0.2 5.02 0 1 0.95 -0.1
GRK5 1s1537576.2 CNV 1.06 0.69 1.63 1.3 0.83192 1.44 14.26
GRK5 rs1537576.2 GA 1.44  0.89 2.34 8.51 0.17778  2.04 28.32
1s2039488.2 CNV 0.18 0.03 091 -2.36 0.0318 0.17 -2.88
1s20394%88.2 GA 0.2 0.02 1.7 -2.3 0.21758  0.19 -2.83
RGS10 rs1467813.1 CNV 083 045 1.54 -1.61 0.63004  0.83 -2.79
RGS10 rs1467813.1 GA 0.81 039 1.69 -1.85 0.70453 0.76 —-3.85
1s927427.1 CNV 1.76 1.13 274 11.97 0.0107 1.65 21.15
1s927427.1 GA 1.5 0.9 2.5 8.16 0.15618 1.47 16.43
PLEKHA1l  1rs4146894.1 CNV 246 1.63 371 23.64 <0.0001 3.95 56
PLEKHA1l  1rs4146894.1 GA 1.92 1.2 3.08 16.31 0.0084 2.87 44.63
PLEKHAl1l  rs/2258692.2 CNV — — — — — — —
PLEKHAl  rs/22580692.1 GA — — — — — — —

28
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OR and AR from analysis of ARM subtypes.
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PLEKHALl  rs4405249.1 CNV 097 0.11 8.8 -0.05 1 0.83 -0.41
PLEKHAL  »s4405249.1 GA 0.57 0.04 931 -0.76 1 0.51 -1.2
PLEKHALl  rsi045216.2 CNV 031 0.17 058 -15.72 0.0002 0.25 -38.01
PLEKHAL  »si045276.2 GA 0.32 0.15 0.7 -1546 0.0017 0.24 -38.67
rs1882907.2 CNV 044 0.14 1.38 -1.91 0.20808 0.3%8 -3.11
rs1882907.2 GA 0.16 0.02 1.37 -2.X9 0.12039 0.14 -4.32
LOC3R7715 rsi0490923.2 CNV 0.1 0.01 098 -2.89 0.0413 0.09 -3.78
LOC3R7715> rsi0490923.2 GA 048 0.08 291 -1.66 0.65244 0.45 —-2.24
LOC3R7715 ps2736911.2 CNV 0.92 009 892 -0.08 1 0.86 -0.18
LOC3R87715 rs2736911.2 GA 1.43  0.13 15.97 0.42 1 1.3 0.3%8
LOC3R7715 rsi0490924.2 CNV 6.18 2.62 1459 22.67 <0.0001 12.11 46.39
LOC387715 rsi0490924.2 GA 4.74 19 11.84 1747 0.0003 7.05 32.05
PRSS11 rsii15387141.2 CNV — — — — — — —
PRSS11 rsli538141.2 GA — — — — — — —
PRSS11 rs760336.2 CNV 0.61 039 095 -10.03 0.0348 0.49 -30.78
PRSS11 rs760336.2 GA 0.71 042 1.19 =73 0.23778 0.56 -25.69
PRSS11 rs763720.1 CNV 2.1 0.85 5.1% 3.55 0.12829 2.64 7.87
PRSS11 rs763720.1 GA 4.71 1.88 11.79 11.06 0.0001 541 18.69
PRSS11 rsi&03403.1 CNV — — — — — — —
PRSS11 rsi&03403.1 GA — — — — — — —

OR and AR are bolded and underlined if corresponding p-values (chi-squared test, p-values simulated using 10000 replicates)

are less than 0.001 and bolded i1f less than 0.05.

SNP.allele denotes the SNP measured and the risk allele (minor allele 1n controls).
RR denotes homozygotes for the risk allele,

RN denotes heterozygotes for the risk allele and

NN denotes homozygotes for the normal allele.

SNPs 1n italics are the locally typed SNPs.

Discussion

Our linkage studies of ARM families have consistently
identified the Chromosome 1931 and Chromosome 10g26
loci, 1n addition to several other loci. Multiple linkage studies
have replicated this finding and thus a focused SNP analysis
of both regions using ARM families as well as with unrelated
affected individuals and controls was undertaken. On Chro-
mosome 1931, we have confirmed the strong association with
CFH that has been reported by others (see also Conley et al.
(2003)) and, for the first time, have shown that SNPs in CFH
significantly account for the linkage signal. Interestingly, our
smallest GIST p-value (<0.001) 1s with rs 1853883, which has
a high D' of 0.91 with the Y402H variant, and not with the
presumed “disease-associated” Y402H variant itself. This
raises the possibility that other possible ARM-related variants
within the CFH gene may still have to be considered and that
these may be 1 high LD with Y402H.

Our studies of Chromosome 10926 have implicated two
potential loci, a very strongly-implicated locus, inclusive of
three tightly linked genes, PLEKHAIL, LOC387715, and
PRSS11, and a less strongly-implicated locus comprising two
genes, GRKS and RGS10 (FIGS. 1-1 and 1-2). The GIST
analysis does not support PRSS11 as the ARM-related gene,

but 1t does not completely exclude 1t as a potential candidate.
PLEHKAI1 has the lowest GIST-derived p-values while

LOC387715 harbors the SNP with the strongest association
signal and the highest odds ratios. With the high linkage
disequilibrium between the SNPs in LOC387715 and PLE-
KHAI, one cannot clearly distinguish between these genes
from statistical analyses alone. However, 1t 1s clear that the
magnitude o the impact of the PLEKHA1/LOC387715 locus
on ARM 1s comparable to that which has been observed for
the CFH locus. Like the recent studies in Science (Edwards et
al. 2005; Haines et al. 2005; Klemn et al. 2005), we have found
in our case-control population that the CFH allele (either
heterozygous or homozygous) accounts for an odds ratio of
5.3 OR (CI: 3.4-8.4) and a significant population attributable
risk of 68%. In the same fashion, the high-risk allele within
the PLEKHA1/LOC3877135 locus accounts for an odds ratio
o1 5.0 (CI: 3.2-7.9) and 57% population attributable risk when
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considering both heterozygous and homozygous individuals.
As noted by Klein et al (2005), the odds ratios that are deter-
mined from a case control study will usually overestimate the
equivalent relative risk that 1s required for determining the
lifetime risk.

In the case of Complement factor H (CFH) on Chromo-
some 1, the association data were extremely compelling for a
single gene, even though CFH 1s within a region of related
genes. In addition to the association data found by multiple
independent groups, there 1s additional biological data to
implicate CFH, including localization of the protein within
drusen deposits of ARM patients. Thus, we also must con-
sider the biological relevance of the potential ARM-suscep-
tibility genes identified by our studies of Chromosome 10g26.

As noted above, the GIST analysis most strongly impli-
cates PLEKHAI, particularly when we included the addi-
tional non-synonymous SNPs that we added to the genotyp-
ing. PLEKHAI1 (GenBank NM__ 001001974, NM__ 021622,
NP__ 001001974 and NP__067635; MIM 607772; UniGene
Hs.287830) encodes the protein, TAPP1, which 1s a 404
amino acid protein with a putative phosphatidylinositol 3,4,
S-trisphosphate-binding motit (PPBM) as well as two plect-
strin homology (PH) domains. The last 3 C-terminal amino

acids have been predicted to interact with one or more of the
13 PDZ domains of MUPP1 (similar to the PDZ domain

within PRSS11). Dowler and colleagues (Dowler et al. 2000
Identification of pleckstrin-homology-domain-containing
proteins with novel phosphoinositide-binding specificities.
Biochem J 351:19-31.) have shown that the entire TAPP1
protein as well as the C-terminal PH domain interact specifi-
cally with phosphatidylinositol 3,4-bisphosphate (PtdIns(3,
4)P2), but not with any other phosphoinositides. TAPP1,
which has 58% identity with the first 300 amino acids of
TAPP2, shows a 5-fold higher aflinity for PtdIns(3,4)P2 than
TAPP2 and this binding 1s nearly eliminated by mutation of
the conserved arg212 to leucine within the PPBM region
(which 1s part of the second PH domain). The most well-
defined role for TAPP1 (and 1ts relatives, Bam32 and TAPP2)
has been as an activator of lymphocytes. Ptdlns(3,4)P2 1s
preferentially recruited to cell membranes when lipid phos-
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phatase (SHIP) 1s activated along with PI3Ks (phosphatidyl
inositol 3-kinase). SHIP 1s responsible for the dephosphory-
lation of PIP3 to PtdIns(3,4)P2. SHIP 1s a negative regulator
of lymphocyte activation and thus TAPP1 (and TAPP2) may
be crucial negative regulators of mitogenic signaling and of
the PI3K signaling pathway. Thus, one can envision a role of
PLEKHAI and 1ts protein TAPP1 1n the eye by modilying
local lymphocyte activation, consistent with the hypothesis
that ARM 1s closely linked to an inflammatory process.

However, we need to still consider the biological plausibil-
ity of the other two candidate genes, LOC387715 and
PRSS11, within this locus. Little 1s known regarding the
biology of LOC387715 (Genbank XM 373477 and XP
3734777, UmGene Hs.120359), except that its expression
appears to be limited to the placenta. Our own reverse tran-
scription experiments with human retinal RNA have con-
firmed the expression of PLEKHAI and PRSS11, but we
have not detected LOC3877135 transcripts 1n the retina under
standard conditions, even though we confirmed its expression
with placental RNA (data not shown). However, we cannot
exclude the possibility that LOC387715 1s expressed 1n very
low levels in the retina or retinal pigment epithelium or thatits
expression 1n non-ocular tissues, such as dendritic cells or
migrating macrophages, could be a factor 1n the pathogenesis
of ARM.

PRSS11 (GenBank NM 002775 and NP 002766; MIM
602194 and UniGene Hs.501280) 1s one of the genes of the
mammalian HtrA (lugh temperature requirement A) serine
protease family, which has a highly conserved C-terminal
PDZ domain (Oka et al. 2004 HtrA1 serine protease inhibits
signaling mediated by TGF1ibeta family proteins. Develop-
ment 131:1041-1033). These secretory proteases were 1ni-
tially i1dentified because of their homologies to bacterial
forms that are required for survival at high temperatures and
molecular chaperone activity at low temperatures. The ATP-
independent serine protease activity 1s thought to degrade
misfolded proteins at high temperature. The mammalian
tform, HtrA1, has been shown to be selectively stimulated by
type 111 collagen alpha 1 C propeptide, 1in contrast to HtrA2.
(Murwantoko et al. 2004 Binding of proteins to the PDZ
domain regulates proteolytic activity of HirAl serine pro-
tease. Biochem J 381:895-904) Type 111 collagen 1s a major
constituent (35-39% of the total collagen) in Bruch mem-
brane and 1s also present in small amount in the retinal
microvascular basement membranes. Developmental studies
have reported ubiquitous expression of HtrAl but with tem-
poral and spatial specificities that coincide with those regions
in which TGF-beta proteins play a regulatory role. (De Luca
et al. 2004 Pattern of expression of HirAl during mouse
development. J Histochem Cytochem 352:1609-1617.) Oka
and colleagues (Oka et al. 2004 HtrA1 serine protease inhibits
signaling mediated by Tgtbeta family proteins. Development
131:1041-1033.) have shown that HtrA1 1s capable of inhib-
iting signaling of a number of TGF-beta family proteins,
including Bmp4, Bmp2 and TGF-betal, presumably by pre-
venting receptor activation with a requirement for protease
activity of the HtrA1l molecule. One clue as to the potential

importance of these relationships for ARM comes from the
studies of Hollborn et al (2004) Contrary effects of cytokines
on mRNAs of cell cycle- and ECM-related proteins in hRPE
cells 1 vitro. Curr Eye Res 28:213-223 who found that
human RPE cells 1n vitro experienced reduced proliferation
in the presence of TGF-betal and TGF-beta2 and an increase
in levels of collagen I1I and collagen IV transcripts. Normally,
a rise 1n collagen III would activate HtrA1l and lead to sec-
ondary inhibition of the effects of TGF-betal. However, 11 the

serine protease 1s less effective (either due to reduced synthe-
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s1s or a nonfunctional mutation), then this regulatory pathway
would be disrupted, leading to an overall reduction of prolii-
cration potential of the RPE cells, perhaps contributing to
RPE atrophy or further changes that could lead to the devel-
opment of ARM. The gradual reduction 1n solubility of type
I1I collagen 1n Bruch’s membrane that has been observed with
aging could also, 1n part, account for a general reduction 1n
HtrA1l activity as an individual ages.

Both PRSS11 and PLEKHATI are expressed 1n the retina,
and a SAGE analysis of central and peripheral retina (GEO
Expression data), indicates higher levels of transcripts of both
genes 1n the central macula (more so for PLEKHAT1 than
PRSS11). Multiple studies (reported in GEO profiles) have
shown that PLEKHAT1 expression 1s significantly induced 1n
a variety of cell types 1n response to exposure to specific
inflammatory cytokines. PRSS11 has also been mvestigated
as part of a microarray expression analysis ol dermal fibro-
blasts that have been oxidatively challenged 1n a comparison
between normal and ARM patients. In that study, half of the
ARM samples (9/18) had lower Htral expression levels than
any ol the normal samples. The lower levels of Htral in
non-ocular tissues of ARM patients would suggest that this 1s
an intrinsic difference in the biology of these patients as
compared to normal individuals, and not a consequence of
degenerative changes 1n the eye.

The GRK5/RGS10 locus 1s supported by several lines of
evidence. The peak of our S_,, multipoint curve 1s directly
over GRKS5 and our largest smgle-pomt S _,—=3.86 (rsS55938)
1s only 206 kb centromeric to GRKS. The p-values for the
GIST analysis of the GRKS5/RGS10 CIDR data were 0.004
and 0.006, which are even smaller than the p-value for the
SNP within PLEKHAT1 (0.008). Using our locally-genotyped
sample, the GIST p-value for the GRKS5 locus was 0.012,
which 1s comparable to the p-value that we found for the
Y402H variant 1n CFH (p=0.011). However, the CCREL
analyses were not very significant for the GRKS5 SNPs and the

odds ratios were mostly non-significant.
Based on biological evidence, GRKS5 (GenBank NM

005308 and NP 005299; UniGene Hs.524625; MIM 600870;
and PharmGKB PA180) 1s reasonable ARM candidate gene,
given 1ts role 1n modulating neutrophil responsiveness to
chemoattractants and its interactions with the Toll 4 receptor
(Haribabu and Snyderman 1993 Identification of additional
members of human G-protein-coupled receptor kinase mul-
tigene family. Proc Natl Acad Sc1 USA 90:9398-9402; Fan
and Malik 2003 Toll-like receptor-4 (TLLR4) signaling aug-
ments chemokine-induced neutrophil migration by modulat-
ing cell surface expression of chemokine receptors. Nat Med
9:315-321.), which has also been implicated in ARM (Za-
reparsi et al. 2005b Toll-like receptor 4 variant D299G 1s
associated with susceptibility to age-related macular degen-
eration. Hum Mol Genet 12:1449-55). The retinal or RPE
expression of GRKS 1s not especially relevant to the argument
of causality because it would be the expression and function
of GRKS 1n migrating lymphocytes and macrophages that
would be crucial to 1ts role 1n the immune/inflammatory path-
ways that may be pathogenic in ARM. The strongest GIST

results occur at rs2039488, which 1s actually located between
GRKS5 and RGS10, 3' to the ends of both genes. Several other

SNPs within the GRKS5 gene also have small GIST p-values,
while the RGS10 SNP has a non-significant GIST p-value.
However, we cannot completely exclude the possibility that
there 1s a SNP within RGS10 that 1s 1n strong linkage disequi-
librium with rs2039488.

RGS10 (GenBank NM 001005339, NM 002925, NP
0010035339 and NP 002916; UniGene Hs.501200; and MIM

602856) 1s one of a family of G protein coupled receptors that
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has been mmplicated 1n chemokine-induced lymphocyte
migration (Moratz et al. 2004 Regulation of chemokine-in-
duced lymphocyte migration by RGS proteins. Methods
Enzymol 389:15-32.) and whose expression in dendritic cells
(which have been identified in ARM-related drusen deposits)
1s modified by the Toll-like signaling pathway (Shi et al. 2004
Toll-like receptor signaling alters the expression of regulator
of G protein signaling proteins in dendritic cells: implications
tor G protein-coupled receptor signaling. J Immunol 172:
5175-5184). RGS10 and GRKS5 expression in the same
microarray study of oxidatively-stressed dermal fibroblasts in
AMD and control subjects showed minor fluctuations among,
the samples, but no clear differences between the control and
alfected cases. This does not necessarily lower the potential
for these genes being mvolved in ARM, since the dermal
fibroblasts are lacking the cell populations that would be
expected to have modulation of RGS10- and/or GRKS5-re-
lated proteins.

We have attempted to look at potential interactions
between the high-risk alleles within the PLEKHAIL/
LOC387715 and GRK3/RGS10 loc1 with respect to CFH on
Chromosome 1. This 1s perhaps the first report to use GIST to
examine these interactions and we found no evidence that the
NPL data on Chromosome 1 could be accounted for by the
SNP data on Chromosome 10. Conversely, we found no such
associations between the NPL data on Chromosome 10 and
the SNP data from the CFH alleles. Logistic regression analy-
s1s also failed to 1dentify an interaction, and it appears that a
simple additive risk model 1s the most parsimonious. We have
performed some 1mitial logistic analyses that include expo-
sure to smoking. These analyses were mitiated because of the
previous suggestion of an interaction of smoking with the
biology of complement factor H (Esparza-Gordillo etal. 2004
Genetic and environmental factors influencing the human
factor H plasma levels. Immunogenetics 56:77-82.) and our
prior studies which found an interaction of smoking and the
locus on Chromosome 10q26 (Weeks etal. 2004). To date, we
have found no strong interaction of smoking with either the
CFH or PLEKHA1/LOC387715 loci, but we are still explor-
ing a possible interaction with the GRK3/RGS10 locus and
different modeling strategies. We also examined the associa-
tions of ARM subphenotype with the SNPs on both Chromo-
somes 1 and 10 (Table 9). We found no major differences 1n
the odds ratios for the presence of either geographic atrophy
or choroidal neovascular membranes, suggesting that these
ARM loci1 contribute to a common pathogenic pathway that
can give rise to either end stage form of the disease. This does
not exclude the possibility that there are other, as yet unde-
scribed, genetic loci that may confer specific risk to geo-
graphic atrophy or CNV development separately.

In summary, these SNP-based linkage and association
studies 1llustrate both the power and limitation of such meth-
ods to identify causative alleles and genes underlying ARM
susceptibility. These genetic approaches allow us to consider
genes and their variants that may contribute to a disease,
whether or not there 1s tissue-specific expression. Through
high density SNP genotyping, we have narrowed the list of
candidate genes within the linkage peak found on Chromo-
some 10926, from hundreds to primarily GRKS and PLE-
KHA1, but we cannot completely exclude the possible roles
of RGS10 and/or PRSS11 and LOC387715. Additional geno-
typing of non-synonymous 3' SNPs within the GRKS5 gene
may help to further discriminate between GRKS5 and RGS10,
but 1t may not establish a defimitive assignment of causality.
Replication by other studies (such as 1in the case of CFH) may
allow one to focus on a single gene, but there 1s also the
distinct possibility that we will be unable to achieve further
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resolution with association studies or clearly establish if there
are more than two genes that are responsible for ARM sus-
ceptibility on Chromosome 10g26. However, molecular
biologists can now 1nvestigate the potential role of each of
these candidate genes 1n mouse models of ARM and address
the 1ssue of a causal role 1n disease pathogenesis.

Example 2

Follow-Up to Example 1

This Example provides additional data supporting and con-
firming the conclusions and discoveries provided 1n Example
1, 1n which allelic variations in PLEKHAT1 and hypothetical
L.OC387715 genes were 1dentified as risk factors for Age-
related maculopathy.

The etiology of ARM 1s complex, with environmental as
well as genetic susceptibility playing a role. Association-
based analyses are generally more sensitive to small genetic
cifects than linkage-based analyses and are extremely valu-
able for fine mapping of disease-related genes Cordell et al
(20035) Genetic association studies Lancet. 366, 1121-1131.
Case-control association studies with the use of unrelated
individuals may have advantages over family-based studies,
especially when a multilocus genetic model 1s anticipated
(Howson etal. (2005) Comparison of population- and family-
based methods for genetic association analysis 1n the pre-
sense ol interacting loci. Genet Epidemiol. 29, 51-67. Risch
et al. (2001) Implications of multilocus inheritance for gene-
disease association studies. Theor Popul Biol. 60, 215-220.),
however such studies are potentially sensitive to the ascer-
tainment scheme for the case and control cohorts. For this
reason, there 1s value 1n assessing candidate genes 1n popula-
tions with different ascertainment schemes. This Example
investigates the complement factor H (CFH) gene, the elon-
gation of very long chain fatty acid-like 4 (ELOVL4) gene,
the PLEKHAT1 gene, and the hypothetical LOC387715 gene
in two distinct cohorts.

The association of the CFH gene with ARM susceptibility
has been established in samples of European American
descent (Edwards et al. (2005), Haines et al. (2005), Klein et
al. (2005), Hageman et al. (2005), Conley et al. (2005),
Zareparsi et al. (20035) as well as 1n samples from the United
Kingdom—Sepp, T. et al (2006) Complement factor H vari-
ant Y402H 1s a major risk detriment for geographic atrophy

and choroidal neovascularization in smokers and nonsmok-
ers. Invest Ophthalmol Vis Sci. 47, 536-540, Germany—Ri1v-

era et al (2003) Hypothetical LOC387715 1s a second major
susceptibility gene for age-related macular degeneration,
contributing independently of complement factor H to dis-
ease risk. Hum Mol Genet. 14, 3227-3236, France—Souied
et al (2005) Y402H complement factor H polymorphism

associated with exudative age-related macular degeneration
in the French population. Mol Vis. 11, 1135-1140, Iceland—

Magnusson et al (2006) CFH Y402H confers similar risk of
soft drusen and both forms of advanced AMD. PLoS Med. 3,
¢3. and Japan—Okamoto et al (2006) Complement factor H
polymorphisms 1n Japanese population with age-related
macular degeneration. Mo Vis. 12, 156-138.

Three studies support the PLEKHA1/LOC387715 locus
on chromosome 10926 (Rivera et al (2005), Jakobsdottir Jr. et
al (2005) and Schmidt et al (2006) Cigarette smoking
strongly modifies the association of LOC387715 and age-
related macular degeneration Am J Hum Genet. 78, 852-864.
The study by Jakobsdottir et al. (2005) Susceptibility genes
for age-related maculopathy on chromosome 10q26. Am J

Hum Genet. 77, 389-407 reported that the PLEKHAI1/
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LOC387715 locus was significantly associated with ARM

1

status, however strong linkage disequilibrium between PLE-
KHA1 and LOC387715 in the independent family-based and

case-control populations utilized for the study meant that a
role for one gene over the other could not be determined

(Jakobsdottir, et al. (2003)). Since publication of Jakobsdottir
et al., evidence that the hypothetical LOC387715 gene was
more likely to be the gene accounting for susceptibility to
ARM has been published 1n a study by Rivera et al. (2005)
that utilized two mndependent case-control samples (Rivera et
al. (2005)) and a study by Schmidt et al. that utilized both
family based and case-control studies Schmidt et al. All three
studies 1indicated that the association of this region on chro-
mosome 10g26 with ARM status was independent of the
association with CFH that had been previously reported 1n all
three populations (Haines et al. (2005, Conley et al. (2005),
Rivera et al. (2005)). Additionally, based on the Schmidt et al.
study, the effect of the LOC387°7135 locus appears to be modi-
fied by smoking history Schmidt et al. (2006).

Two studies have evaluated a potential role for ELOVL4 in
ARM 1n humans. Ayyagan et al. (2001) E

Evaluation of the
ELOVL4 gene 1n patients with age-related macular degen-
eration. Opthalmic Genet. 22, 233-239 evaluated the gene and
found no significant association with ARM status in their
sporadic case-control analysis. However, Conley et al. found
a significant association of ELOVL4 and ARM status 1n our
familial and sporadic case-control analyses Conley et al.
(2005). The difference n findings between these studies may
be related to the proportion of cases with exudative ARM in
cach population, since Conley et al. found that ELOVL4 was
especially associated with the exudative subphenotype.
These results indicate that additional studies are needed to
establish or refute a relationship between ELOVL4 and ARM.

The two cohorts utilized for this study were the Cardiovas-
cular Health Study (CHS), a population-based cohort of indi-
viduals 65 years and older at baseline for which ARM status
was not a factor for ascertamnment Fried et al. (1991) The
Cardiovascular Health Study: design and rationale. Ann Epi-
demiol. 1, 263-276 and the Age-Related Eye Disease Study
(AREDS), a cohort of individuals aged 35 to 80 years partici-
pating 1n arandomized controlled clinical trial of anti-oxidant
and zinc itervention for which ARM status was a factor for
ascertainment Age-Related Eye Disease Study Research
Group (1999) the Age-Related Eye Disease Study (AREDS):
design implications. AREDS reportno. 1. Control Clin Trials.
20, 573-600. These cohorts have been previously described
(Klein, R., et al. (2003) Early age-related maculopathy 1n the
cardiovascular health study. Ophthalmology. 110, 25-33 and
Age-Related Eye Disease Study Research Group (2000) Risk
factors associated with age-related macular degeneration. A
case-control study 1n the age-related eye disease study: Age-
Related Eye Disease Study Report Number 3. Ophthalmol-
ogy. 107, 2224-2232)

This study was designed to evaluate the CFH, ELOVLA4,

PLEKHA1, and LOC387715 genes in two independent
cohorts with very different ascertainment schemes 1n relation
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to ARM status and then to incorporate the findings into meta-
analyses. Association of a gene with susceptibility to ARM
regardless of ascertainment scheme would further increase
the evidence that the association 1s real and would enhance
the likelihood that evaluation of the gene(s) would accurately
identify at risk individuals.

Abbreviations: ARM=Age-related maculopathy;
GA=Geographic atrophy; CNV=Choroidal neovascular
membranes; OR=0dds ratio; PAR=Population attributable

risk; OR , ~=0dds ratio for dominance efiects; OR,_=0dds
ratio for recessive effects; OR

... —dds ratio for subjects het-
erozygote for risk allele; and OR, _=0dds ratio for subjects

homozygote for risk allele.

Material and Methods
Cardiovascular Health Study (CHS) Participants—Sampling
and Phenotyping

CHS 1s a population-based, longitudinal study primarily

designed to identify factors related to cardiovascular disease
in those aged 65 and older. Retinal assessments were per-
formed at the 8 year follow up visit and surviving members of
this cohort have just completed their 18 year follow up evalu-
ation. Commumnity-based recruitment took place 1n Forsyth
County, N.C.; Sacramento County, Calif.; Washington
County, Md.; and Pittsburgh, Pa. Medicare eligibility lists of
the Health Care Financing Administration were utilized to
identily individuals who were aged 65 and older. Individuals
aged 65 years and older living 1n the households of list mem-
bers were also eligible. Inclusion criteria were minimal and
included being non-institutionalized, expected to remain 1n
the area for at least three years, able to give informed consent,
not wheelchair-bound, not receiving hospice care, and not
receiving radiation or chemotherapy for cancer. Fried et al.
(1991). DNA samples from the CHS were used for this
research.

CHS subjects usually had the retina of one randomly
selected eye photographed and the photographs were graded
by Dr. Gorin using the same classification model that was
described 1n prior publications Weeks et al. (2004) Age-re-
lated maculopathy: a genomewide scan with continued evi-
dence of susceptibility loc1 within the 131, 10926, and 17,25
regions. Am J Jum Genet. 75, 174-189. Only Caucasian indi-
viduals are included in the analysis, as the sample size of other
groups with ARM 1s too small for reasonable results: there
were 182 black controls but only 3 cases, and 5 controls of
other races. All CHS cases (n=126) used for analyses are
“Type A”, which falls 1nto our most stringent model for clini-
cal classification Weeks et al. (2004 ). Individuals 1n this cat-
egory are clearly affected with ARM based on extensive and/
or coalescent drusen, pigmentary changes (1including pigment
epithelial detachments), and/or the presence of end-stage dis-
case [geographic atrophy (GA) and/or choroidal neovascular
(CNV) membranes]. Very few CHS cases had end stage
ARM, GA or CNV (Table 10); therefore analyses of specific
subtypes of ARM were not conducted. All CHS controls
(n=1,0351) were of AREDS grade 1. A few potential controls

(n=22) had unclear signs of GA or CNV and were excluded
from analyses.

TABLE

10

Characteristics of the stud&pmpulatimns.

Clinical subtypes

Mean (SD)age Neither GAonly CNVonly Both Total No. (%) males
AREDS data
Controls (1) 76.53 (4.44) 175 — — — 175 86 (49)
Cases (3-4-5) 79.46 (5.23) 123 147 2778 153 701 293 (42)
Cases (4-5) 79.54 (5.23) 27 147 2778 153 605 253 (42)
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TABLE 10-continued

Characteristics of the studv populations.
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Clinical subtypes

Mean (SD) age Neither GAonly CNVonly Both Total No. (%) males
Cases (3) 78.93 (5.22) 96 0 0 0 96 40 (42)
Cases (4) 78.83 (5.23) 24 59 149 34 266 124 (47)
Cases (5) 80.10 (5.17) 3 88 129 119 339 129 (38)
CHS data
Controls 70.27 (3.92) 1051 — — — 1051 455 (43)
Cases 73.22 (4.84) 100 15 9 2 126 55 (44)

In the AREDS cohort mean age and phenotypic classification 1s based on age at last fundus photography.

The number in the parentheses denotes the disease severity according the AREDS grading method.

In the CHS cohort mean age 1s based on age at baseline visit, but retinal evaluation was done at 8-year follow-up visit.

Age-Related Eye Disease Study (AREDS) Participants—
Sampling and Phenotyping

AREDS 1s a prospective, multicenter study of the natural
history of ARM and age-related cataract with a clinical trial of
high dose vitamin and mineral supplementation embedded
within the study. Individuals recruited into the AREDS study
were men and women aged 535 to 80 years at enrollment; these
individuals were required to be free of any condition or 1llness
that would hinder long-term follow-up. Inclusion criteria
were minimal and included having ocular media clear enough
to allow for fundus photography and either no evidence of
ARM 1n either eye or having ARM 1n one eye while the other
maintained good vision (20/30 or better) (The Age-Related
Eve Disease Study Research Group 1999). DNA samples
from the NEI-AREDS Genetic Repository were used for this
research.

ARM status was assigned using the AREDS age-related
maculopathy grading system and based on phenotypes
assigned at the most recent follow-up visit. Again, only Cau-
casian individuals are included in the analysis, as the sample
s1ze of other groups 1s too small for reasonable results: there
are only 15 African American, 2 Hispanic and 3 individuals of
otherraces. AREDS cases (n=701) consisted of grade 3, 4 and
5. AREDS subjects of grade 3 (n=96) have ARM but do not
suifer from end-stage ARM, subjects of grade 4 (n=266) have
end-stage ARM 1n one eye and subjects of grade 5 (n=339)
have end-stage ARM 1n both eyes. AREDS controls (n=175)
have AREDS grade 1 (grade 2 individuals were excluded
prior to analyses).

Genotyping

The M299V variant in ELOVL4 (rs3812153), the Y402H
variant in CFH (rs 1061170) and the S69A variant in
LOC387715 (rs10490924) were genotyped using RFLP tech-
niques. The primers, annealing temperatures and restriction
endonuclease for each assay were: S'-AGATGCCGATGT-
TGTTAAAAG-3' (F, SEQ ID NO: 13), 5'-CATCTGGG-
TATGGTATTAAC-3' (R, SEQ ID NO: 14), 50° C. and BspHI
tfor ELOVL4; 5-TCITTTTTGTGCAAACCTTTGTTAG-3'
(F, SEQ ID NO: 15), 5'-CCATTGGTAAAACAAGGT-
GACA-3' (R, SEQ ID NO: 16), 52° C. and Nlalll for CFH;
S-GCACCTTTGTCACCACATTA-3' (F, SEQ ID NO: 17),
S-GCCTGATCATCTGCATTTCT-3' (R, SEQ ID NO: 18),
54° C. and Pvull for LOC387715.

The A320T variant in PLEKHATI (rs1045216) was geno-
typed using 5' exonuclease Assay-on-Demand TagMan
assays (Applied Biosystems Incorporated). Amplification
and genotype assignments were conducted using the
ABI7000 and SDS 2.0 software (Applied Biosystems Incor-

porated). For all genotyping conducted for this research,
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double-masked genotyping assignments were made for each
variant, compared and each discrepancy addressed using raw
data or by re-genotyping.
Association Analyses

SNP-disease association was measured with allele- and
genotype chi-squared tests, and P-values were simulated
using 100,000 replicates; 1n cases with one or more expected
cell numbers less then five, the Fisher’s exact test was used.
The strength of the association was estimated by crude odds
ratios (OR) and population attributable risks (PAR). A general
formula was used to calculate the PAR: PAR=P (OR-1)/(1+
P (OR-1)), where P, 1s the prevalence of the risk factor in the
general population. Estimates of P, were dertved from the
CHS controls; this 1s reasonable, because the CHS subjects
were not selected on the basis of ARM disease status, and the
number of CHS controls 1s large (n=1,051). For comparison
purposes, odds ratios adjusted (OR, ;) for age and gender
were estimated. Logistic regression models were used to cal-
culate both crude and adjusted odds ratios, using R (38). The
less frequent allele 1n the control group was considered the
risk allele, and the OR and OR ,; were calculated by compar-
ing those homozygote for the risk allele (RR) to the baseline
group (those homozygote for the normal allele [NN]) and
comparing those heterozygote for the risk allele (RN) to the
baseline group. The contrasts for dominance (RR and RN
versus NIN) and recessive (RR versus RN and NN) effects
were also evaluated.
Distinguishing Between PLEKHA1 and LOC387715

We employed the haplotype method (Valdes, A. M. and
Thomson, G. (1997) Detecting disease-predisposing vari-
ants: the haplotype method. Am J Hum Genet. 60, 703-716) to
identify which one of the two loci, A320T in PLEKHAIL or
S69A 1n LOC387715, 1s more likely the actual disease pre-
disposing variant in the 10926 region. The basis of the hap-
lotype method 1s simple and elegant (for a mathematical
prooi, see Valdes and Thomson (1997)). IT all predisposing
variants are included on a haplotype, then the neutral variants
are expected to be 1n the same ratio 1n cases and controls on a
particular disease-predisposing haplotype, although the
actual frequencies may differ. On the other hand, if not all

predisposing variants have been identified, equality in the
ratios of haplotype frequencies ol non-predisposing variants

1s not expected.
The expected ratios for the A320T-S69A haplotypes are

formulated below, assuming one variant 1s ARM-predispos-

ing and the other 1s a neutral variant. We assume that A320T
and S69A are all the ARM-predisposing variants 1n the PLE-
KHA1-LOC3877135 haplotype block on chromosome 10g26.
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Four possible A320T-S69A haplotypes exist: G-G, A-G, G-T,
and A-T. It A320T 1is the causal locus and S69A the neutral

locus, we expect:

[f(G—G)] :[f(G—G)] (1)
f(G - 1) controls f(G — 1) cases
[f(A—G)] _ [f(A—G)] (15)
f(A - 1) controls f(A - 1) Cases

but, 1f S69A 15 the causal locus and A320T the neutral locus,
we expect:

[f(G_G)] _ [f(G—G’)] (2a)
f(A - G) controls f(A - G) Cases
[f((;_;r)] _ [f(G—T)] (2b)
f(A - 1) controls f(A - 1) Cases

where 1 denotes frequencies of a particular haplotype 1n con-
trols or cases.

The hypotheses of interest are:
Hy : The A3291 variant in PLEKHAT tully accounts tor

the ARM predisposition to the PLEKHAI1-LOC387715
haplotype block.

Hy : The S69A variant in LOC387715 tully accounts tor
the ARM predisposition to the PLEKHA1-LOC3877135
haplotype block.

Rejecting either of these hypotheses means that the tested
variant 1s not suificient to account for the ARM predisposition
to the PLEKHA1-LOC387715 haplotype block, alone. Four
2x2 contingency tables can be derived from Formulas 1a, 1b,

2a, and 2b:

TABLE la
Unexposed Exposed
Controls 1 G-G) f(G-T)
Cases 1(G-G) f(G-T)
TABLE 1b
Unexposed Exposed
Controls f(A-G) f(A-T)
Cases f(A-G) f(A-T)
TABLE 2a
Unexposed Exposed
Controls 1(G-G) f(A-G)
Cases fH{(G-G) f(A-G)
TABLE 2b
Unexposed Exposed
Controls f(G-T) f(A-T)
Cases f(G-T) f(A-T)

Under HUp we expect homogeneity 1n contingency tables 1a
and 1b, and under H, we expect homogeneity in contingency
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tables 2¢ and 2d. Regular chi-squared statistic may be calcu-
lated from each contingency table to generate a combined
statistic. For H,, the statistic 1s the maximum chi-squared
from Formulas la and 1lb, and for H,, the statistic 1s the
maximum chi-squared from Formulas 2a and 2b. However,
due to dependency of the statistics dertved from each set of
contingency tables, the distribution of the combined statistics
1s not clear. The lack of independence arises from (1) com-
bining measurements corresponding to various alleles at pre-
disposing loci, and (2) linkage disequilibrium between pre-
disposing and non-predisposing loci. Both of these
conditions are inevitable, (1) because variant always has more
than one allele, and (2) because, i1 the variants are in complete
linkage equilibrium, there 1s no need to distinguish between
their independent association signals.

As a result of the dependency 1n the data a permutation
testing needs to be done conditionally on the allele at the
predisposing locus (under the null hypotheses). We start by
grouping the haplotypes (two for each person) according to
the allele at the predisposing locus. Then the case-control
labels are permuted within each group and a combined sta-
tistic 1s calculated for each pair of replicate. This permutation
procedure 1s similar to the procedure proposed by L1 H.
(2001) (A permutation procedure for the haplotype method
for identification of disease-predisposing variants. Ann Hum
Genet. 65:189-196). Phased genotype data were not available
and haplotypes had to be imputed from the unphased geno-
types. Haplotype frequencies were estimated separately in
controls and cases. The program SNPHAP (39) was used to
estimate the haplotype frequencies and phased haplotypes at
cach subject. SNPHAP uses the EM algorithm to calculate a
maximum likelihood estimate of haplotype frequencies given
the unphased genotype data. The posterior probabilities of
individual haplotype assignments exceed 94% for every indi-
vidual typed at both A320T and S69A. The estimated haplo-
type frequencies are given i Table 11.

TABLE 11
Haplotype frequencies of A320T in PLEKHAI1 and S69A
in LOC387715 (estimated with the program SNPHAP).
A320T-S69A AREDS CHS
haplotype Controls Cases Controls Cases
G-G 0.3928 0.2802 0.3909 0.3188
G-T 0.1790 0.4149 0.1924 0.3294
A-G 0.4186 0.2792 0.3894 0.3337
A-T 0.0096 0.0257 0.0272 0.0180
Estimates derived from both the AREDS and CHS cohorts 15 given.
Interaction Analyses

The analyses of interaction were threefold: first, we tested
for interacting genetic effects o1 Y402H 1n CFH and S69A 1n
LOC387715 in both CHS and AREDS samples, then we
tested for interaction of both Y402H and S69A with smoking
history 1in both CHS and AREDS samples, and finally we
calculated joint ORs of the three risk factors.

We followed a modeling strategy proposed by North et al.
(North, B. V., Curtis, D. and Sham, P. C. (2005) Application of
logistic regression to case-control association studies involv-
ing two causative loci. Hum Hered. 59, 79-87). Series of
logistic regression models are fitted to the AREDS and CHS
data sets 1n order to find the model that best describes the joint
elfects of CFH and LOC387715. For each genotype, models
allowing for additive effects (ADDI1, ADD2 and ADD-
BOTH), and models which incorporate dominance etlects
(DOM1, DOM2 and DOM-BOTH) are fitted. The ADDI
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model includes only the term x, for additive etfects of CFH,
coded as -1 for genotype TT at Y402H, as 0 for genotype CT,
and as 1 for genotype CC. The ADD?2 includes only model
term X, for additive effects of LOC387715, coded as -1 for
genotype GG at S69A, as 0 for genotype GT, and as 1 for 5
genotype TT. The ADD-BOTH models the joint additive
elfects of CFH and LOC387715. The DOMI1 1ncorporates
dominance effects to ADD1, and includes x; and z,, coded as
0.5 for genotype CT and -0.5 for genotypes T'T and CC at
Y402H. The DOM2 model similarly incorporates dominance 10
elfects to ADD2, and includes x, and z,, coded as 0.5 for
genotype GT and -0.5 for genotypes GG and T'T at S69A.

42

between LOC387715 and smoking. The coding scheme 1s the
same, as above, except that smoking 1s coded as 0 for never
smokers and 1 for ever smokers. The models fitted for the

elfects of CFH and smoking are: ADD 1, SMOKE, ADDI -
SMOKE, DOMI1, ADDI-SMOKE-INT, and DOMI-
SMOKE-INT, and the models fitted for the effects of
LOC387715 and smoking are: ADD2, SMOKE, ADD2-
SMOKE, DOM2, ADD2-SMOKE-INT, and DOM2-
SMOKE-INT.

All models were compared by the Akaike’s information
criterion (AIC). Models for which the AIC differed by <2 are
considered indistinguishable (North, B. V., Curtis, D. and
DOM-BOTH models the joint dominance effects of CFH and Sham, P. C. (2005) Application of logistic regression to case-
L.OC387715. Three further models, that model the interaction control association studies involving two causative loci. Hum
between CFH and LOC387713, are fitted: ADD-INT 15 Hered. 59, 79-87), and the model with fewer parameters was
includes the product term x, *x,, ADD-DOM 1ncludes X, *x,, chosen as the most parsimonious model. Since adjusting for
X,%*z,, and z,*x,, and DOM-INT includes x,*x,, X,*z,, age and gender did not affect the estimates of ORs for
7, %X, and z,*z.,. Y2402H nor S69A ('Tables 12 and 13), and to keep number of

The above modeling strategy was modified to investigate parameters as small as possible, no adjustment was made for
the joint effects of CFH and smoking, and the joint effects of 20 these covariates when modeling interaction. Based on the
LOC387715 and smoking. The modified approach 1s the results of the above interaction analyses, joint ORs were
same as used by Schmidt et al. (2006) to test for interaction calculated.

TABLE 12

Estimated crude ORs, corresponding 95% Cls, and PARs, unadjusted for age and gender

Dominant Recessive Heterozygotes Homozygotes
(RR + RN vs. NN) (RR vs. RN + NN) (RN vs. NN) (RR vs. NN)

OR 95% Cl1 PAR OR 95% Cl1 PAR OR 95% CI PAR OR 95% ClI PAR
CFH
(Y402H)
1 vs. 345 373 2.60 534 0.60 3.69 237 575 022 266 181 392 043 6.69 408 1098 0.37
1 vs. 45 394 2772 5771 0.62 374 239 3585 0.22 282 189 419 045 7.06 427 11.70 0.38
1 vs. 3 273 155 483 049 339 189 6.10 020 193 1.04 3.60 030 495 246 9.95 0.29
1 vs. 4 3.64 235 564 059 348 214 566 0.20 267 1.67 427 043 6.33 3.60 11.16 0.35
1 vs. 5 421 276 642 0.64 395 247 632 023 294 187 463 047 771 446 13.34 0.41
1 vs. 45 (GA) 373 221 6.31 0.60 401 236 682 024 254 1.4 448 041 7.04 3.69 1341 0.38
1 vs. 4 (GA) 271 136 537 049 416 2,14 807 024 1.68 078 3.61 0.23 555 248 1241 0.32
1 vs. 5 (GA) 485 246 956 0.68 391 216 7.10 023 347 1.69 7.14 053 R.6> 392 19.09 0.44
1 vs. 45 (NV) 331 2.16 5.07 056 324 200 3526 019 248 1.57 393 040 5.60 3.21 9.7% 0.32
1 vs. 4 (NV) 343 2,05 5774 057 280 1.63 480 0.16 278 1.61 480 044 524 274 10.01 0.30
1 vs. 5 (NV) 3,18  1.87 541 055 382 221 659 022 217 1.22 386 034 6.00 3.12 11.53 0.34
CHS 226 145 353 041 299 1.8 483 0.17 1.82 1.13 292 027 422 2.39 7.42 0.25
ELOVLA4
1 vs. 345 0.69 047 1.01 -0.07 078 028 2.16 -0.01 0.69 046 1.02 -0.06 0.72 0.26 1.99 -0.01
1 vs. 45 071 048 1.04 -0.06 08> 030 238 0.00 070 046 1.04 -0.06 0.78 0.28 2.19  -0.01
1 vs. 3 0.59 032 1.09 -0.09 035 004 304 -002 062 033 1.17 -0.07 031 0.04 2.75  =0.02
1 vs. 4 0.67 043 1.06 -0.07 0.76 0.23 253 -0.01 067 042 1.07 -0.06 0.69 0.21 2.32 -0.01
1 vs.> 073 048 1.12 -0.06 092 030 28 000 072 046 1.12 -0.05 0.8 0.28 2.60 0.00
1 vs. 45 (GA) 059 035 1.00 -0.09 091 024 347 0.00 056 032 099 -0.08 01 0.21 3.0% 0.00
1 vs. 4 (GA) 0.63 031 1.29 -0.08 1.13 021 599 0.00 058 0.27 1.26 -0.08 1.00 0.19 5.36 0.00
1 vs. 5 (GA) 0.56 030 1.06 -0.10 0.7/ 0.15 404 -0.01 055 028 1.07 -0.09 0.67 0.13 3.57 -0.01
1 vs. 45 (NV) 0.65 042 1.01 -0.07 036 009 155 -0.02 069 043 1.09 -0.06 0.33 0.08 1.42 -0.02
1 vs. 4 (NV) 071 042 1.18 -0.06 0.67 016 2.8 -0.01 0.72 042 122 -0.05 0.62 0.14 2.64 -0.01
1 vs. 5 (NV) 058 033 1.03 -0.09 — - - — 0.65 037 1.15 -0.06 — - - -
CHS 141 092 2.17 007 033 004 243 -0.02 1.55 1.00 241 0.09 036 0.05 2.68 -0.02
PLEKHAI
(A3207T)
1 vs. 345 0.57 040 081 -0.39 037 023 0.60 -0.13 0.68 047 099 -0.18 0.31 0.18 0.51 -0.14
1 vs. 45 056 039 081 -040 039 024 0.63 -0.12 0.67 046 098 -0.19 031 0.19 0.53 -0.14
1 vs. 3 0.62 037 1.05 -033 028 0.11 070 -0.15 078 046 1.35 -0.12 0.25 0.09 0.64 -0.16
1 vs. 4 0.68 046 1.02 -0.26 0.62 037 104 -0.07 075 049 1.15 -0.13 0.53 0.30 0.94 -0.09
1 vs. 5 048 033 0.71 -0.,51 022 012 042 -0.16 0.61 041 092 -0.23 0.17 0.09 0.34 -0.17
1 vs. 45 (GA) 070 044 1.12 -0.24 042 021 083 -0.12 084 0.52 1.37 -0.08 038 0.18 0.80 -0.12
1 vs. 4 (GA) 0.66 036 1.21 -0.29 057 024 138 -0.08 073 038 140 -0.15 048 0.19 1.24 -0.10
1 vs. 5 (GA) 0.74 043 1.27 -0.20 032 0.13 079 =014 092 053 1.63 -0.04 030 0.12 0.80 -0.14
1 vs. 45 (NV) 050 033 074 -049 045 0.26 0.8 -0.11 057 037 087 -0.26 034 0.19 0.61 -0.13
1 vs. 4 (NV) 0.65 041 1.02 -030 0.68 037 124 -0.06 069 042 1.12 -0.18 0.56 0.29 1.07 -0.09
1 vs. 5 (NV) 0.37 023 059 -0.71 021 008 051 -0.16 046 0.28 076 -035 0.14 0.06 0.36 -0.18
CHS 076 0,52 1.11 -0.19 0.68 039 1.18 -0.06 081 054 1.21 -0.10 0.61 0.34 1.10  -0.07
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TABLE 12-continued
Estimated crude ORs, corresponding 95% Cls. and PARs, unadjusted for age and gender
Dominant Recessive Heterozygotes Homozygotes
(RR + RN vs. NN) (RR vs. RN + NN) (RN vs. NN) (RR vs. NN)

OR 05% CI PAR OR 059% CI PAR OR 05% CI PAR OR 05% CI PAR
LLOC3R87715
(S69A)
1 vs. 345 3.99 2.%1 5.67 0.54 1016 370 27.88 028 3.06 2.13 439 042 1726 6.22 4789 041
1 vs. 45 4.17 292 596 0.56 1052 383 2893 0.29 318 220 4.60 043 1830 6.57 5093 043
1 vs. 3 3.07 1.82 5.17 0.45 797 256 2481 023 245 142 423 034 11.89 3770 38.19 0.32
1 vs. 4 272 1.83  4.05 041 564 1.95 16.27 017 234 1.55 353 0.32 .19 280 2400 0.24
1 vs. 5 6.14 4.11 9.19 0.67 15.07 543 41.82 038 432 2.85 6.57 054 3207 11.30 91.01 0.57
1 vs. 45 (GA) 3.29 207 5.21 04K 6.28 2.09 1893 0.19 281 1.74 452 039 1014 328 31.31 0.28
1 vs. 4 (GA) 306 1.66 565 0.45 475 129 1749 0.14 274 146 5.17 038 757 197 2906 0.22
1 vs. 5 (GA) 346 2.01 5.94 0.49 738 233 2338 0.22 286 1.63 5.02 040 12.02 3.65 39.57 0.32
1 vs. 45 (NV) 4.09 2.73 6.12 0.55 .62 305 2439 0.25 330 217 501 045 1534 532 4425 0.38
1 vs. 4 (NV) 271 1.72 427 040 442 142 13.774 013 244 1.53 390 034 658 2.07 2090 0.19
1 vs. 5 (NV) 721 424 12.27 0.71 1444 496 4199 037 524 3.02 910 0.60 3522 1147 108.17 0.60
CHS 1.93 1.32 2.83 0.27 3.91 217  7.03 011 158 1.05 239 0.17 475 2.56 .80 0.14
NOTE

N denotes the normal allele and R denotes the risk allele. The risk allele 1s defined as the least frequent allele 1n controls.

The OR for dominance effects compares those who carry one risk allele (RN and RR genotypes) to individuals homozygote for the normal allele (NN), the OR for
recessice effects compares individuals with RR genotype to those who carry one normal allele (NN and RN genotypes).

Hetero- and homozygote ORs compare individuals with one (RN) and two (RR) risk alleles to individuals with NN genotype, respectively.
GA = geographic atrophy.

CNV = choroidal neovascular membranes.

TABLE 13

Estimated ORs, corresponding 95% Cls. and PARs. adjusted for age and gender

Dominant Recessive Heterozygotes Homozygotes
(RR + RN vs. NN) (RR vs. RN + NN) (RN vs. NN) (RR vs. NN)

OR 95% CI PAR OR 95% CI PAR OR 95% CI PAR OR 95% CI PAR
CFH
(Y402H)
1 vs. 345 352 243 510 058 3798 240 3595 022 247 1.66 3.68 040 643 3.8 10.64 0.36
1 vs. 45 3.69 251 541 060 3779 240 6.00 022 260 1.72 393 042 671 4.01 11.23 0.37
1 vs. 3 273 152 491 049 373 201 691 022 188 099 359 028 35.23 253 10.83 0.30
1 vs. 4 341  2.18 532 057 373 226 614 022 241 148 390 039 6.20 3.50 1097 0.35
1 vs. 5 4.17 2.66 653 064 385 235 632 023 295 183 478 047 7.69 425 13.90 0.41
1 vs. 45 (GA) 354  2.07 6.07 058 387 224 669 023 244 1.37 436 039 660 343 12.71 0.36
1 vs. 4 (GA) 2.62 131 524 047 412 2.10 811 024 1.63 0.75 354 022 546 243 12.25 0.31
1 vs. 5 (GA) 486 241 982 0.68 371 198 694 0.22 355 1.69 747 053 K51 3.68 19.6% 0.43
1 vs. 45 (NV) 3.16 2.02 495 0534 342 206 567 020 233 1.4 376 037 547 3.07 9.75 0.31
1 vs. 4 (NV) 330 195 559 056 3.11 1.77 544 018 257 146 453 041 527 273 10.16 0.30
1 vs. 5 (NV) 3.10 1.74 552 054 390 2.14 7.10 023 211 1.13 394 033 604 293 1249 0.34
CHS 2.10 134 331 038 3.12 190 515 0.18 1.65 1.02 267 023 419 234 7.52 0.25
ELOVLA4
1 vs. 345 0.68 046 1.01 -0.07 068 024 195 -001 069 046 1.04 -0.06 064 0.22 1.83 -0.01
1 vs. 45 070 047 105 -0.06 076 026 219 -001 0770 046 1.07 -0.05 0771 0.24 2.05 -0.01
1 vs. 3 0.62 033 1.17 -0.08 031 0.03 2776 -0.02 0.66 035 1.27 -0.06 028 0.03 2.56 -0.02
1 vs. 4 0.68 043 1.07 -0.07 072 021 248 -0.01 068 042 1.10 -0.06 0.68 0.20 2.33 -0.01
1 vs. 5 073 046 1.16 -0.06 076 024 246 -0.01 074 046 1.19 -0.05 071 0.22 2.29  -0.01
1 vs. 45 (GA) 0.59 034 1.03 -0.09 0.68 0.17 2770 -0.01 059 033 1.06 -0.08 0.61 0.15 245  -0.01
1 vs. 4 (GA) 0.64 031 133 -0.08 092 0.17 53.05 000 0.61 0.28 133 -0.07 084 0.15 4.61 0.00
1 vs. 5 (GA) 0.55 0.28 1.08 -0.10 0.57 0.10 3.23 -0.01 056 0.28 1.14 -0.08 0.52 0.09 2.93 -0.01
1 vs. 45 (NV) 0.68 043 1.08 -0.07 037 008 1.68 -002 072 04 1.16 -0.05 035 0.08 1.57 -0.02
1 vs. 4 (NV) 0.68 040 1.16 -0.07 066 015 291 -001 0.69 040 1.20 -0.06 0.61 0.14 2.69 -0.01
1 vs. 5 (NV) 071 038 130 -0.06 — - - —  0.80 043 150 -0.04 — - - -
CHS 1.35 07 211 007 027 003 215 -0.02 1,51 096 237 008 029 0.04 2.33 -0.02
PLEKHAI
(A320T)
1 vs. 345 0.61 043 088 -0.34 040 0.25 065 -0.12 073 050 1.08 -0.15 034 0.20 0.57 -0.13
1 vs. 45 0.61 042 088 -0.35 041 0.25 068 -0.12 0.72 048 1.06 -0.16 035 0.20 0.59 -0.13
1 vs. 3 070 041 1.19 -0.25 030 0.12 0.76 -0.14 087 050 1.52 -0.07 027 0.10 0.72 -0.15
1 vs. 4 071 047 108 -0.23 0.69 040 1.18 -0.06 0.76 049 1.18 -0.13 057 0.32 1.02  -0.08
1 vs. 5 0.55 036 082 -042 0.19 0.10 038 -0.17 071 046 1.09 -0.16 0.16 0.08 0.33 -0.1%
1 vs. 45 (GA) 075 047 121 -0.19 044 022 088 -011 090 054 148 -0.05 041 0.19 0.88 -0.12
1 vs. 4 (GA) 0.68 037 1.27 -0.26 059 024 1.4 -008 0.77 040 150 -0.12 047 0.18 1.23  -0.10
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TABLE 13-continued
Estimated ORs, corresponding 95% Cls, and PARs. adjusted for age and gender
Dominant Recessive Heterozygotes Homozygotes
(RR + RN vs. NN) (RR vs. RN + NN) (RN vs. NN) (RR vs. NN)

OR 05% CI PAR OR 059% CI PAR OR 05% CI PAR OR 05% CI PAR
1 vs. 5 (GA) 0.84 047 1.48 -0.12 031 0.12 080 -0.14 1.04 0.58 1.89 0.02 032 0.12 0.89 -0.14
1 vs. 45 (NV) 0.55 036 0.83 -042 048 0.27 0.8 -0.10 062 040 097 -022 038 0.20 0.70 -0.12
1 vs. 4 (NV) 0.68 042 1.08 -0.27 075 041 1.39 -0.05 0.70 042 1.16 -0.17 0.60 0.31 1.16 —-0.08
1 vs. 5 (NV) 046 0.27 0.76 -0.55 0.18 0.07 048 -0.17 059 035 1.02 =024 0.14 0.05 0.39 -0.1%
CHS 0.72 049 1.07 -0.22 0.68 0.39 1.19 -0.06 0.77 0.51 1.17 -0.12 0358 0.32 1.07 -=0.08
LOC3R87715
(S69A)
1 vs. 345 391 2772 562 054 11.02 397 3056 030 294 203 4.27 041 19.51 6.91 55.09 0.44
1 vs. 45 403 2778 583 055 11.52 413 3208 031 3.00 205 4739 041 21.25 7.46 60.54  0.47
1 vs. 3 3.19 1.85 549 046 835 255 2738 024 259 146 4.60 0.36 13.61 3.86 47.97 0.35
1 vs. 4 2.67 1.78 4.02 040 6.29 2,13 1852 0.19 226 148 345 0.31 950 3.14 28.69 0.27
1 vs. 5 588 3.83 Q.03 0.66 1813 631 5208 043 4.00 2.56 6.25 0.51 44.22 1447 135.13 0.65
1 vs. 45 (GA) 305 190 4.8 045 741 235 2339 022 253 155 414 035 1230 376 40.22 0.33
1 vs. 4 (GA) 291 156 541 043 6.12 156 2405 0.18 255 134 484 035 11.81 2.71 51.45 0.32
1 vs. 5 (GA) 3.14 1.79 551 046 883 256 3043 025 252 140 454 035 1426 391 52.00 0.36
1 vs. 45 (NV) 390 256 594 053 RS 3.05 2570 0.25 3.13 2.03 4.85 043 1684 5.58 50.84 0.41
1 vs. 4 (NV) 2.64 1.65 421 039 513 159 1654 0.15 234 1.4 3.0 032 7.72 230 2596 0.23
1 vs. 5 (NV) 6.61 3.73 11.72 0.69 14.65 4.69 4582 037 485 2.67 8K.R0 0.58 48.87 13.23 180.53 0.67
CHS 1.86 1.26 276 0.25 4.17 2.25 774  0.12 1.51 0.99 2.30 0.15 5.10 2.66 90.78 0.15
NOTE

N denotes the normal allele and R denotes the risk allele. The risk allele 1s defined as the least frequent allele 1n controls.

The OR for dominance effects compares those who carry one risk allele (RN and RR genotypes) to individuals homozygote for the normal allele (NN), the OR for
recessice effects compares individuals with RR genotype to those who carry one normal allele (NN and RN genotypes).
Hetero- and homozygote ORs compare individuals with one (RN) and two (RR) risk alleles to individuals with NN genotype, respectively.

GA = geographic atrophy.
CNV =

choroidal neovascular membranes.

APOE Analyses

Previous studies have reported possible protective and
harmiul effects of the apolipoprotein E (APOE) gene in
ARM. The €4 allele may have protective effects (Klaver, C.
C., etal. (1998) Genetic association of apolipoprotein E with
age-related macular degeneration. Am J Hum Genet. 63, 200-
206; Schmadt, S., et al. (2000) Association of the apolipopro-
tein E gene with age-related macular degeneration: possible
eifect modification by family history, age, and gender. Mol
Vis. 6, 287-293; Schmadt, S., et al. (2002) A pooled case-
control study of the apolipoprotein E (APOE) gene 1n age-
related maculopathy. Ophthalmic Genet. 23, 209-223; Baird,
P. N., et al. (2004) The epsilon2 and epsilond alleles of the
apolipoprotein gene are associated with age-related macular
degeneration. Invest Ophthalmol Vis Sci. 45, 1311-1315 and
Zareparsi, S., et al. (2004) Association of apohpoprotem E

alleles with susceptlblhty to age-related macular degenera-
tion 1n a large cohort from a single center. Invest Ophthalmol

Vis Sci. 45, 1306-1310), while the least frequent allele, 82,
may increase the risk of ARM (Klaver, C. C., etal. (1998) and
Zareparsi, S., et al. (2004). The APOE variant was genotype
by CHS and 1ts association with ARM was assessed 1n this
study. Individuals were classified by APOE genotype into
individuals with APOE-€3/€3 genotype, and APOE-22 and
APOE-24 carriers (denoted APOE-e2/* and APOE-e4/*,
respectwely) individuals with APOE-e2/e4 genotype were
included in both the APOE-€2/* and APOE-e4/* groups.
Chi-squared tests were used to test for differences 1 distri-
butions of APOE-e3/e3 and APOE-2¢*/, and APOE-3¢/3¢
and APOE-4€/*, genotypes 1n controls and cases.

Meta-Analyses
We undertook a meta-analysis approach to pool estimated

OR {from previously published reports on CFH and

LOC387715 and the two reports presented here. Initially data
were analyzed, assuming the between-study variation 1s due

to chance, and fixed-eft

ects model was employed. Under the
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fixed-eftect model, the maximum likelihood estimator of the
pooled OR 1s an average of individual estimates, weighted by
the mverse of their variances, and the variance of the pooled
OR 1s estimated by the inverse of the sum of individual
weilghts. Meta-analyses under homogeneity were performed
in R (RDevelopmentCoreTeam (2005) R: A language and
environment for statistical computing. R Foundation for Sta-
tistical Computing, Vienna, Austria). The assumption of
homogeneity was checked using a chi-squared test. However,
tests of homogeneity tend to have low power, and therefore,
for comparison, we also pooled the OR 1n a random etffects
setting. Meta-analyses under heterogeneity were performed
using the method of restricted maximum likelihood (REML),
as implemented 1n SAS Proc Mixed (SAS software release
8.2 [SAS Institute Inc., Cary, N.C., USA]). The pooled
REML estimator 1s 1dent1cal to the DerSlmonlan Laird esti-
mator (DerSimonian, R. and Laird, N. (1986) Meta-analysis
in clinical trials. Control Clin Trials. 7, 177-188 and van
Houwelingen, H. C., Arends, L. R. and Stijnen, T. (2002)
Advanced methods 1n meta-analysis: multivariate approach
and meta-regression. Stat Med. 21, 589-624). The SAS codes
by van Houwelingen et al. 2002 were modified to perform the
analyses under heterogeneity.

The Y402H variant within CFH has been found strongly
associated with ARM 1n eleven studies (Edwards, A. O., et al.
(2005) Complement factor H polymorphism and age-related
macular degeneration. Science. 308, 421-424; Haines, J. L.,
et al. (2005) Complement factor H variant increases the risk
of age-related macular degeneration. Science. 308, 419-421;
Klemn, R. J., et al. (2005) Complement factor H polymor-
phism 1 age-related macular degeneration. Science. 308,
385-389; Hageman, G. S., et al. (2005) A common haplotype
in the complement regulatory gene factor H (HF1/CFH) pre-
disposes individuals to age-related macular degeneration.
Proc Natl Acad Sci USA; Conley, Y. P., etal. (2005) Candidate

gene analysis suggests a role for fatty acid biosynthesis and
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regulation of the complement system 1n the etiology of age-
related maculopathy. Hum Mol Genet. 14, 1991-2002;
Zareparsi, S., et al. (2003) Strong association of the Y402H
variant 1n complement factor H at 1g32 with susceptibility to
age-related macular degeneration. Am J Hum Genet. 77, 149-
153; Sepp, T., et al. (2006) Complement factor H variant
Y402H 1s a major risk determinant for geographic atrophy
and choroidal neovascularization 1n smokers and nonsmok-

ers. Invest Ophthalmol Vis Sci. 47, 536-540; Rivera, A., et al.
(20035) Hypothetical LOC387715 1s a second major suscep-
tibility gene for age-related macular degeneration, contribut-
ing independently of complement factor H to disease risk.
Hum Mol Genet. 14, 3227-3236; Souied, E. H., et al. (2005)
Y402H complement factor H polymorphism associated with
exudative age-related macular degeneration 1n the French
population. Mol Vis. 11, 1135-1140; Magnusson, K. P., et al.

(2006) CFH Y402H confers similar risk of soft drusen and
both forms of advanced AMD. PLoS Med. 3, €5 and Jakob-
sdottir, J., et al. (2005) Susceptibility genes for age-related
maculopathy on chromosome 10g26. Am J Hum Genet. 77,
389-407); two of these eleven studies are ours, so only the
results from our Jakobsdottir et al. (2005) paper, that evalu-
ated all contrasts, were used 1n meta-analysis. The Klein et al.
(20035) study used a small subset of the AREDS sample, and
the Magnusson et al. (2006) paper only reported allele based
ORs and no genotype counts. Therefore these two studies
were not included. Results from the Haines et al. (2005) study
were included 1n pooled estimates of ORs for hetero- and
homozygotes; genotype counts were not available to evaluate
contrasts for dominance and recessive effects. Three studies
have reported highly associated variant, S69A, within the
hypothetical LOC387715 (Rivera, A. et al. (2005); Jakobs-
dottir, et al. (2003); Schmadt et al. (2006) and Schmidt (2006)
Cigarette smoking strongly modifies the association of
LOC387715 and age-related macular degeneration. Am J
Hum Genet. 1n press). All three reports on LOC387715 were
included 1n the meta-analysis. Research participants 1n all
studies of CFH and LOC387715 are non-Hispanic whites of
European and European American descent. Tables 14 and 15
summarize the studies included in the meta-analyses of CFH

and LOC387713, respectively.

TABLE 14

Characteristics of studies included in meta-analysis of Y402H in CFH

Frequency

Sample  Mean age % HWE"® of the
Study and sample size” (+SD)” Males P-value C allele
Edwards et al.¢
Discovery sample
Controls 131 67.6 (7.6) 42 0.99 0.340
Cases 225 72.77 (10.1) 58 0.42 0.553
Replication
sample
Controls 59 68.1 (9.0) 35 0.28 0.390
Cases 170 78.2 (7.9) 65 0.64 0.544
Haines et al.®
Controls 185 =355 — — —
Cases 495 =353 — — —
Zareparsi et al.
Controls 275 =68 — 0.11 0.338
Cases 616 — — 0.15 0.608
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14-continued

Characteristics of studies included in meta-analvysis of Y402H in CFH

Study and sample

Hageman et al/
Columbia sample

Controls
Cases
Iowa sample

Controls
Cases

Jakobsdottir et al.

Controls

Cases

Rivera et al.®
Original sample

Controls
Cases
Replication
sample

Controls
Cases
Souled et al.

Controls
Cases
Sepp et al.

Controls
Cases
AREDS

(1 vs. 345)

Controls

Cases
CHS

Controls
Cases

Sample
size”

272
549

131
403

108
434

611
793

335
373

91
141

262
443

173
699

907
110

Mean age
(+SD)”

68.8 (8.6)

71.3 (8.9)

78.4 (7.4)
79.5 (7.8)

72.6 (8.9)
68.9 (8.8)

76.2 (5.3)
76.3 (6.9)

68.3 (8.1)
75.0 (7.5)

74.6 (6.3)
74.3 (8.0)

75.8 (7.8)
R0.3 (6.9)

76.5 (4.4)
79.5 (5.2)

70.3 (3.9)
73.2 (4.8)

Males

%o

47
39

38
36

45
35

42
38

42
45

49
42

43
44

HWE*
P-value

0.23
0.86

0.70
0.22

0.26
0.42

<0.01
0.30

0.4%
0.13

0.21
0.30

0.14
0.49

0.25
0.03

0.55
0.71

Frequency

of the
C allele

0.344
0.53%

0.336
0.589

0.310
0.613

0.382
0.595

0.358%
0.617

0.302
0.564

0.363
0.607

0.35%
0.612

0.327
0.495

“Sample sizes based on total number of genotyped persons when genotype counts are
avallable other wise on total sample size, not accounting for missing data.

"Mean a ge and corresponding standard devlatmn or other summary statistic available from
the orginal paper.

“When genotype counts are avaible P-value, derived from the exct test (implemented in R
Genetics package), given.

The two data sets of Edwards etal. paper are combined inthe meta-analysis. HWE P-values
for the combined controls and cases are 0.53 and 0.36, respectively.

“Results form Haines et al. paper are mncluded 1n meta-anal}rsia of ORs for hetero- and
homozygote individuals. Sample sizes are based on total number of individuals, not account-
ing for missing genotype data at Y402H in CEFH.

/The two data sets of Hageman et al. paper are not combined, following the orignial paper.

The two data sets of Rivera et al. paper are combined in the meta-analysis. HWE P-values
for the combined controls and cases are 0.03 and 0.09, respectively.

TABLE 15
Characteristics of studies included 1n meta-analysis of
S69A 1n LOC387715
Sample Mean age % HWE® Frequency of
Study and sample s1ze” (£SD)” Males P-value the T allele
Jakobsdottir et al.
Controls 106 72.6 (8.9) 47 0.21 0.193
Cases 456 68.9 (8.8) 39 0.06 0.485
Rivera et al.?
Original sample
Controls 594 76.2 (5.3) 38 0.30 0.196
Cases 759 76.3 (6.9) 36 0.14 0.417
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TABLE 15-continued

Characteristics of studies included in meta-analysis of

S69A 1n LOC387715

Sample Mean age % HWE® Frequency of
Study and sample s1ze” (£SD)” Males P-value the T allele
Replication
sample
Controls 328 68.3 (8.1) 45 0.75 0.215
Cases 361 75.0 (7.5) 35 0.01 0.460
Schmudt et al.©
Controls 186 66.7 (8.1) 43 0.55 0.247
Cases 758 76.8 (7.7) 35 <0.01 0.427
AREDS
(1 vs. 345)
Controls 172 76.5 (4.4) 49 0.45 0.189
Cases 693 79.5(5.2) 42 0.99 0.441
CHS
Controls 995 70.3 (3.9) 43 0.41 0.220
Cases 120 73.2 (4.8) 44 0.24 0.354

“Sample sizes based on total number of genotyped persons when genotype counts are
available other wise on total sample size, not accounting for missing data.

¢an age and corresponding standard deviation, or other summary statistic available from
the orginal paper.
“When genotype counts are avaible P-value, derived from the exct test (implemented in R
(senetics package), given.
The two data sets of Rivera et al. paper are combined in the meta-analysis. HWE P-values
for the combined controls and cases are 0.31 and 0.01, respectively.
°In the meta-analysis only grade 1 subjects are classified as controls (grade 2 subjects are
dropped). The origmal study by Schnudt et al. classified grade 2 individudals as controls. The
mean age and % males of controls 1s taken from the paper and based on both grade 1 and 2

Results

To further evaluate CFH, ELOVL4, PLEKHAI1, and
LOC387715 1n ARM, we genotyped previously reported
SNPs within all four genes 1n samples from the AREDS and
CHS studies. Separate analyses were performed on each data
set, using total of 701 non-Hispanic white ARM patients and
175 controls from the AREDS study, and total of 126 non-
Hispanic white ARM patients and 1051 controls from the
CHS study (see, Table 10 for sample sizes and other charac-
teristics of the data, and Table 16 for genotype frequencies).
The disease status of subjects at their last follow-up visit was
the primary endpoint evaluated for AREDS subjects. The
AREDS subjects include controls of grade 1 and cases
(grades 3-35) with moderate ARM and advanced ARM 1n one
or both eyes. The ARM disease status of CHS subjects was
evaluated by a single expert, for consistency, using monocu-
lar, nonmydnatic fundus photographs taken at the 8-year

tollow-up visit. The majority of CHS cases had moderate
ARM including multiple drusen with and without pigment
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epithelial changes (equivalent to AREDS grade 3) with a
small number of cases having geographic atrophy (GA) or
choroidal neovascular membranes (CNV) and the CHS con-
trols are of AREDS grade 1 with the exclusion of those cases
with significant extramacular drusen.

TABLE 16

Genotype distribution by ARM status in AREDS and CHS cohorts.

Genotype frequencies in

Gene AREDS AREDS CHS

(Variant) and cases CHS cases controls controls  HapMap
genotypes (n=701) @m=126) ((n=175) (n=1051 (CEU)
CFH

(Y402H)

TT 0.170 0.264 0.434 0.448 —
CT 0.435 0.482 0416 0.450 —
CC 0.395 0.255 0.150 0.103 —
ELOVL4

(M299V)

AA 0.781 0.742 0.711 0.802 0.717
AG 0.195 0.250 0.259 0.174 0.233
GG 0.024 0.008 0.030 0.024 0.050
PLEKHAI

(A320T)

GG 0.474 0.411 0.339 0.346 0.317
AG 0.443 0.460 0.464 0.476 0.467
AA 0.084 0.129 0.196 0.178 0.217
LOC387715

(S69A)

GG 0.313 0.442 0.645 0.604 0.583
GT 0.492 0.408 0.331 0.353 0.400
TT 0.195 0.150 0.023 0.043 0.017

For comparison estimates from derived from the CEU population (residence of Utah with
ancestry from northern and western Europe) of the International HapMap project are shown.

AREDS cases are of grades 3-5 and AREDS controls of grade 1.

Genotype counts are available by each grade and subphenotype in Table 17.
Description of the HapMap CEU populations 1s provided herein.

TABLE 17

(renotype distributions in AREDS and CHS cohorts, by ARM Status

AREDS

Cases (n = 701)

Controls

Gene (Variant) Grade1l  Grade 2°
and Genotype (n=175) (n=063)
CFH (Y402H)

TT 75 19
CT 72 35
CC 26 9
All 173 63

Grade 4 (n = 266) Grade 5 (n = 339) CHS
Grade 3 GA CNV GA CNV  Controls Cases
(n=96) All only only All only only (mn=1051) (n=126)
21 46 13 27 52 12 25 406 29
39 118 21 72 147 40 52 408 53
36 101 25 49 139 36 52 93 28
96 265 59 148 338 88 129 907 110
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TABLE 17-continued
Genotvpe distributions i AREDS and CHS cohorts, by ARM Status
AREDS
Cases (n = 701)
Controls Grade 4 (n = 266) (rrade 5 (n = 339) CHS
Gene (Variant) Grade 1  Grade 2 Grade 3 GA CNV GA CNV Controls Cases
and Genotype m=175) @m=63) (n=96) All only only All only only (n=1031) (n=126)
ELOVL4 (M299V)
AA 118 55 75 204 47 115 249 70 97 826 92
AG 43 7 17 50 10 30 65 14 23 179 31
GG 5 0 1 6 2 3 9 2 0 25 1
All 166 62 93 260 59 148 323 86 120 1030 124
PLEKHAIL (A320T)
GG 57 24 42 111 25 65 169 34 73 355 51
AG 78 31 45 114 25 61 142 43 46 489 57
AA 33 7 6 34 7 21 17 6 6 183 16
All 168 62 93 259 57 147 328 83 125 1027 124
LOC387715 (S69A)
GG 111 40 35 105 22 59 77 30 26 601 53
GT 57 19 44 126 31 74 171 44 70 351 49
TT 4 3 15 31 6 14 89 13 33 43 18
All 172 62 94 262 59 147 337 87 129 995 120
NOTE

Genotypes are ordered: NN - RN - RR, where N 1s the normal allele and K 1s the risk allele. The risk allele 1s defined as the least frequent allele 1n controls.

GA = geographic atrophy.
CNV = choroidal neovascular membranes.
“Grade 2 AREDS subjects were not included in the analysis.

Association Analyses

For each gene, CFH, ELOVL4, PLEKHAI, and
LOC387715, association with ARM was assessed by a chi-
squared statistic. The magnitude of the effect of each gene
was estimated by odds ratios (ORs) and population attribut-

35

others (Edwards et al. (20035; Haines et al. (2006); Klein et al.
(2005) and Rivera et al. (2005)). The estimated ORs for
Y402H in CFH suggest that the variant confers similar risk to
all stages of ARM and both forms of advanced ARM, GA and
CNYV (FIG. 7 and Table 12).

TABLE

18

Results of allele- and genotype association tests.

Gene (Variant)

and Comparison

CFH

ELOVLA4

PLEKHAI

LOC387715

in AREDS or P-value for test P-value for test P-value for test P-value for test
CHS Allele Genotype  Allele Genotype®  Allele Genotype Allele Genotype
AREDS

1 vs. 345 =0.00001 =0.00001 0.06775 0.13963 0.00004 0.00004 =0.00001 =0.00001
1 vs. 5 =0.00001 =0.00001 0.20518 0.32438 =0.00001 =0.00001 =0.00001 =0.00001
1 vs. 5 (GA)‘E' =0.00001 =0.00001 0.10465 0.21869 0.04131 0.03862 =0.00001 =0.00001
1 vs. 5 (CNV)© =0.00001 =0.00001 0.03445 0.04851 =0.00001 =0.00001 =0.00001 =0.00001
CHS =0.00001 =0.00001 0.33832 0.07819 0.07626 0.22544 =0.00001 =0.00001

P-values <0.05 are bolded.
“2-s1ided P-values from Fisher’s exact test.

® ARM cases have GA in both cyes.
“ARM cases have CNV in both eyes.

able risks (PARSs). To evaluate whether the genes confer simi-
larly to early and advanced ARM, ORs were calculated for
cach grade and subtype (GA and CNV) separately using the
AREDS data.

CFH: The association of the Y402H wvariant in CFH with

ARM 1s significant (P=0.00001) 1n both the AREDS and
CHS cohorts (Table 18), confirming earlier findings by our-
selves (Conley etal. (20035) and Jakobsdottir etal. (20035)) and

55

60

65

An allele-dose effect appears to be present, with carriers of
two C alleles at higher risk of ARM than carriers of one C

allele (Table 12 and FIG. 8). Despite the increased risk 1n
carriers of two C alleles, the population attributable risk
(PAR) 1s similar for the two risk genotypes, owing to rela-
tively high frequency of the CT genotype compared to the CC
genotype 1n the general population. PAR estimates dertved
from the CHS dataset suggest that the CT and CC genotypes
explain 27% and 25% of ARM 1n the non-Hispanic white
population, respectively. ELOVL4: The M299V variant in
ELOVL4 1s significantly associated (P=0.034) with exudative

ARM 1nthe AREDS sample (Table 18), 1n agreement with our
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previous findings (Conley, Y. P., et al. (2005). However, no
ORs are statistically significant at 95% significance level
(FIGS.7 and 9 and Table 12). These results do not exclude the
potential role of ELOVL4 1n ARM, but do not strongly sup-
port it. The small number of individuals with exudative ARM

did not allow for subphenotype analysis in the CHS cohort.
PLEKHA1 and LOC387715: The association of the S69A

variant 1n LOC387715 with all presentations of ARM 1s
extremely significant (P=0.00001) in both the AREDS and
CHS data sets (Table 18), confirming earlier findings by our-
selves (Conley, Y. P, et al. (2005) and Jakobsdottir, 1., et al.
(2003)) and others (Edwards, A. O., et al. (2005); Haines, J.
L., et al. (2005); Klein, R. J., et al. (2005); Rivera, A., et al.
(20035) and Schmudt, S., et al. (2006)). The A320T variant 1n
PLEKHAJ1, which 1s located on the same haplotype block as
LOC387715, 1s highly significant (P=0.00004) 1n the AREDS
sample but only borderline significant (P=0.08) in the CHS
sample. The degree of linkage disequilibrium between
A320T and S69A 1s statistically significant 1n both AREDS
(D'=0.66) and CHS (D'=0.65) controls. In order to identily
which gene, PLEKHAT1 or LOC3877135, more likely harbors
the true ARM-predisposing variant, we applied the haplotype
method (Valdes, A. M. and Thomson, G. (1997) Detecting
disease-predisposing variants: the haplotype method. Am J
Hum Genet. 60, 703-716). According to the haplotype
method, the relative frequency of alleles at neutral variants 1s
expected to be the same 1n cases and controls for a haplotype

containing all the predisposing variants. The results based on
applying the method suggest that S69A 1 LOC387715, and

not A320T in PLEKHAI, 1s an ARM-predisposing variant
(see “Distinguishing between PLEKHA1 and LOC387715.”
herein). Further, by permutation testing of the null hypoth-
es1s: Hy: the S69A variant in LOC387715 fully accounts for
the ARM predisposition to the PLEKHA1-LOC387713 hap-
lotype block, 1s not rejected (P=0.92 1n the AREDS data,
P=0.45 1in the CHS data), while a similar hypothesis for
A320T 1s rejected (P=0.0001 in the AREDS data, P=0.0002
in the CHS data).

The S69A variant in LOC387715 shows different risk pat-

terns than Y402H 1n CFH. The vanant appears to increase the
risk of severe ARM substantially more than the risk of mild

ARM (FIGS. 7 and 10 [FIG. 11 gives complete results for
PLEKHAI1] and Table 12) 1n the AREDS data where severity
of disease 1s differentiated. For example, the OR for AREDS
cases of grade 3, who carry one or two T alleles, 15 3.07 (95%
CI 1.82-5.17), while the OR for AREDS cases, with CNV 1n
both eyes, who carry one or two T alleles, 1s 7.21 (95% CI
4.24-12.277). Stmilar to CFH, S69A shows an allele-dose
elfect without dramatic differences 1n the population attrib-
utable risk of the GT and TT genotypes (Table 12 and FIG.
10). Since only four AREDS controls are T'T homozygous at
S69A, point estimates and confidence 1ntervals, for recessive
and homozygote contrasts, derived from regular logistic
regression were compared to estimates from exact regression
(models fitted 1n SAS software release 8.2 [SAS Institute Inc.,
Cary, N.C., USA]). These quality checks revealed no major
differences 1n point estimates (which is the basis of the PAR
estimates) and lower confidence limits (which 1s the basis of
comparison with the ORs), but the upper confidence limits
were higher (results not shown).
Interaction Analyses

We used logistic regression modeling to build a model of
the joint contribution of CFH and LOC387715, CFH and
cigarette smoking, and LOC387715 and cigarette smoking. A
series ol models were fitted 1n order to draw inferences about
the most likely and most parsimonious model(s). As
described by North et al. (2005) models were compared by
using the Akaike information criterion (AIC). When the most
parsimonious model had been 1dentified we estimated joint
ORs of the risk factors. Separate estimates were calculated
from each cohort. In order to maximize the AREDS sample
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s1Ze, no subphenotype or subgrade analyses were performed;
AREDS cases of grade 3-5 were compared to AREDS con-
trols of grade 1.

In a previous paper (Jakobsdottir (20035)) we found no
evidence of interacting effects of the CFH and PLEKHA1/
LOC387715 loci; the joint action of the two loc1 was best
described by independent multiplicative effects (additive on a
log-scale). Rivera et al. (2005) reported that S69A 1n
LOC387715 acted independently o Y402H 1n CFH. Schmadt
et al. (2006a) also arrived at the same most parsimonious
model, and here, again, this model 1s most parsimonious in
both AREDS and CHS data sets (Table 19). Joint ORs for
combinations of risk genotypes at Y402H and S69A were
computed to further understand the joint action of the two loci
(Table 20). Using all cases regardless of severity, the AREDS
data suggest that individuals heterozygote for the risk allele at
one of the loc1 and homozygote for the non-risk allele at the
other are more susceptible to ARM than individuals with no
risk allele at both loc1 (for the C'T-GG joint genotype, OR 2.8,
95% CI 1.6-3.0; for the TT-GT joint genotype, OR 3.2, 95%
CI 1.7-6.0). The ARM risk more then doubles 11 a person 1s
heterozygote at both loc1 (for the CT-GT joint genotype, OR
7.2, 95% (I 3.8-13.5) and being homozygote for the risk
allele for at least one of the loci further increases the risk. The
joint ORs estimated from the CHS data show a similar pat-
tern, but having only one risk allele 1s not sufficient to increase

the risk (for the CT-GG joint genotype, OR 1.3, 95% CI
0.6-2.7; for the TT-GT joint genotype, OR 1.2, 95% CI 0.5-
2.8).

TABLE 19

Results of ﬁtting two-factor models by l-::-gistic regressimn.

AREDS data CHS data

AIC AIC
Two-Factor Model AlIC Difference  AIC  Difference
Y402H (Factor 1) and
S69A (Factor 2)
ADDI1 799.3 77.9 652.7 17.6
ADD?2 786.1 64.7 656.0 21.0
ADD-BOTH 723.0 1.7 635.1 0.0
DOM1 801.2 79.8 654.4 19.3
DOM?2 786.9 65.5 656.0 21.0
DOM-BOTH 726.5 5.1 636.3 1.3
ADD-INT 721.4 0.0 635.8 0.8
ADD-DOM 724.3 3.0 638.8 3.8
DOM-INT — — 637.8 2.8
Y402H (Factor 1) and
Smoking (ever vs. never)
ADDI1 787.3 6.0 677.3 0.0
SMOKE 848.3 67.0 700.6 23.3
ADDI1-SMOKE 781.3 0.0 679.1 1.8
DOM1 789.3 8.0 679.0 1.7
ADDI1-SMOKE-INT 783.2 1.8 678.3 1.0
DOMI1-SMOKE-INT 786.6 5.3 681.9 4.6
S69A (Factor 2) and
Smoking (ever vs. never)
ADD?2 774.0 6.1 745.6 0.1
SMOKE 842.9 75.0 765.2 19.8
ADD2-SMOKE 767.9 0.0 747.3 1.8
DOM?2 774.7 6.7 745.5 0.0
ADD2-SMOKE-INT 769.7 1.8 749.1 3.7
DOM2-SMOKE-INT 772.4 4.4 748.9 3.4

Detailed model definitions are given in the “Materials and Methods - Interaction Analyses”
section. AIC difference 1s the difference from the AIC of the best fitting model. Most
parsimonious model 15 1n bold, Model with best fit (lowest AIC) has AIC difference = 0.
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Joint Ors and 95% CIs at Y402H in CFH and S69A 1n LOC387715

Y402H

2.70 (1.83, 3.98)
Joint effects

CC

6.64 (4.04,10.91)

2.82 (1.59,5.03)
7.16 (3.80, 13.49)

1.81 (1.12, 2.93)

15.79 (8.74, 28.54)

4.12 (2.32,7.33)

Joint eftects

Analyzed
cohort OR (95% CI) for
and si1ze
of sample S69A Main effects TT CT
AREDS
Deonpols = 171
Ilcases =693 ORYriH]QH 1.00 (Rﬂf)
ORs60.4
GG 1.00 (Ref) 1.00 (Ref)
GT 3.03(2.11,4.36) 3.17 (1.68, 5.96)
TT 17.11(6.17,47.47) — —
CHS
Nponrols = O 1 ORy4021 1.00 (Ret)
I]'CJSE"S = 106
OR 5604
GG 1.00 (Ref) 1.00 (Ref)
GT 1.59(1.03, 2.47) 1.22 (0.53, 2.83)
TT  4.86 (2.55,9.26) — —
NOTE

N0l = UMber of controls fully typed at both loci,

N, ... = Dumber of cases fully typed at both loca.

OR y102z7 = OR for Y402H averaged across S69A genotypes,
ORggo4 = OR for S69A averaged across Y402H genotypes.

“OR for individuals homozygote at least at one of the loci.

A recent study (Schmidt et al. (2006a)) reported a strong
statistical interaction between genotypes at S69A and smok-
ing, both on binary (ever vs. never smoked) and continuous
scale (pack-years of smoking). We fail to replicate this finding
in both the AREDS and CHS data sets (Table 19). Results
from the AREDS sample suggests that the joint effects of
Y402H and smoking are best described by imndependent mul-
tiplicative effects, without significant dominance or interact-
ing elfects. On the other hand, the model that best describes
the CHS data includes only additive effects of Y402H. Results
from the AREDS data suggest that the joint effects of S69A
and smoking are best described by independent multiplica-

tive ellects, without significant dominance or interacting
cifects. The CHS data implicate a model with only S69A.

1.31 (0.64, 2.69)
2.90 (1.47,5.73)
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4.82 (2.52,9.23)°

When smoking exposure 1s continuous variable (pack-years
of smoking) and the S69A genotypes are coded in additive
tashion, the interaction term 1s not significant (P=0.40) in the
CHS data. Pack-years of cigarette smoking were not available
for participants in the AREDS study. To further understand
the combined effect of the genes and cigarette smoking, joint
ORs of risk genotypes at each gene and smoking were esti-
mated from the AREDS data (Table 21). The results suggest
that, while the risk of ARM due any of the risk genotypes (at
Y402H and S69A) 1s elevated 1n smokers, both genes have
substantially more influence on ARM risk than cigarette
smoking. Both the model fitting approach and a simple chi-
squared test (P=0.71) show that the main effects of cigarette
smoking are insignificant (on binary scale) in the CHS data.

TABLE 21

Joint Ors and 95% Cls at Y402H in CFH and
smoking, and S69A in LOC387715 and smoking

Gene (Variant) and

Genotypes

Smoking history

Main effects Never Ever

AREDS cohort
OR (95% CI) for

CFH (Y402H)

Deonpois = 170
Depses = 682
TT

CT

CC

LOC387715 (S69A)
= 169

1

controls

n =076

S es

OR,, .. 1.00 (Ref) 1.59 (1.13, 2.23)
OR y4008 Joint effects
1.00 (Ref) 1.00 (Ref) 1.65 (0.91, 2.98)

2.65 (1.79, 3.90)
7.27 (4.37,12.09)
ORsmk

2.53 (1.43, 4.48)
R.65 (4.03,18.55)
1.00 (Ref)

4.77 (2.66, 8.54)
10.55 (5.14, 21.66))
1.57 (1.12,2.20)
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TABLE 21-continued

Joint Ors and 95% Cls at Y402H in CFH and
smoking, and S69A in LOC387715 and smoking

58

Gene (Variant) and Smoking history
Genotypes Main effects Never Ever

OR 4o 4 Joint effects
GG 1.00 (Ref) 1.00 (Ref) 1.77 (1.11, 2.83)
GT 2.98 (2.07,4.29) 3.19 (1.87,5,41) 5.06 (2.99, 8.55)
TT 17.02 (6.13,47.26) 21.15 (4.96,90.22) 25.74 (6.06, 109.34)

CHS cohort
OR (95% CI) for

CFH (Y402H) OR,,,.. 1.00 (Ref) 0.89 (0.60, 1.32)
Neonpols = 907
I]"CHSE‘S = 110

OR 1007 Joint effects
TT 1.00 (Ref) 1.00 (Rel) 0.62 (0.29, 1.33)
CT 1.82 (1.13, 2.92) 1.52 (0.80, 2.91) 1.33 (0.69, 2.58)
CC 4.22 (2.39,7.42) 2.52 (1.10,5.79) 4.16 (1.95, 8.86))
LOC387715 (S69A) OR,,..;. 1.00 (Ref) 0.89 (0.61, 1.30)
Neonprols = 995
HCHSE‘S = 120

OR o 4 Joint effects
GG 1.00 (Rel) 1.00 (Rel) 0.96 (0.55,1.68)
GT 1.58 (1.05, 2.39) 1.86 (1.04, 3.31) 1.28 (0.70, 2.34)
TT 4.75 (2.56, 8.80) 3.37 (1.32, 8.63) 6.09 (2.63, 14.14)

30
APOE Results: Main effects of the APOE gene in ARM OR, =6.22 (95% CI 5.38-7.19), when assuming homoge-
were tested using the CHS data. Neither the distribution of ~ neity across studies. When the analysis 1s performed under
APOE-€4 carriers (P=0.41) nor APOE-€2 (P=0.42) carriers heterogeneity, the poipt cstimates are essential}}f the same ar}d
was significantly different between cases and controls, when ~ the Cls are slightly wider. Leave-one-out sensitivity analysis,
compared to APOE-€3/e3. 15 under a fixed effect model show that no study has dramatic
influence on the pooled estimates (Table 22).
Meta-Analyses The study by Rivera et al '
_ , y by Rivera et al. (2005) changes the estimates
Meta-an:alysm of CFH: We used a meta-analyys approach more than any other study; when the study 1s excluded, the
to pool est.lmatec} ORs for Y402H fro_xil cleven independent OR, andOR,_arelowered by approximately 0.2, while the
data sets (including the CHS and AREDS cohorts reported OR__andOR, areapproximately 0.2 higher. The Rivera et
here (Table 14). This resulted in the analysis of 5,451 cases * .1 (2005) study is the only study where the genotype distri-
and 3,540 controls all of European or European American bution, in the control group, deviates from HWE (P=0.03).
descent. The results confirm the increased ARM risk due to The allele and genotype distributions, in cases and controls,
the C allele 1 the non-Hispanic white population (FIG. 12 are strikingly similar across studies. However, the genotype
and Table 22). The pooled estimates have narrower CI than 44 distribution 1n CHS cases differs from the other studies and
any 1ndividual study, and non-overlapping CI for hetero- and the frequency of the TT risk genotype 1s lower compared to
homozygote ORs: OR,_ =2.43 (95% CI 2.17-2.72) and other cohorts (FIG. 13).
TABLE 22

Results of meta-analysis of Y402H in CFH. ORs (95% Cls) estimated from individual
studies and all studies pooled. Results of leave-one-out sensitivity analysis are shown.

DOMINANCE
(CT + CCwvs. TT)

RECESSIVE
(CCvs. CT +TT)

ORs for

Individual study

OR,,_. (95% CI)

Edwards et al.
Haines et al.

Zareparsi et al

Hageman et al

. (Columbia)

Hageman et al

. (Iowa)

Jakobsdottir et al.

Rivera et al.
Souled et al.
Sepp et al.

AREDS (1 vs. 345)

CHS

2.71 (1.86, 3.94)

4.36 (3.13, 6.08)
2.97 (2.17,4.07)
3.64 (2.38, 5.58)

5.29 (3.35, 8.35)
2.92 (2.39,3.57)
3.95 (2.22,7.03)
3.85 (2.71, 5.47)
3.73 (2.60, 5.34)
2.26 (1.45,3.53)

OR,.. (95% CI)

2.89 (1.82, 4.60)

5.52 (3.54, 8.59)
2.61 (1.76, 3.87)
4.08 (2.33,7.16)

4.57 (2.48, 8.42)
4.29 (3.42,5.39)
3.75 (1.83,7.71)
3.36 (2.28, 4.95)
3.69 (2.37,5.75)
2.99 (1.85, 4.83)

HETEROZYGOTES HOMOZYGOTES
(CT vs. TT) (CC vs. TT)
OR,;,_, (95% CI) OR,,_,,, (95% CI)

2.14 (1.44, 3.18)
2.45 (1.41, 4.25)
3.03 (2.15, 4.28)
2.48 (1.77, 3.47)
2.61 (1.66, 4.10)

3.78 (2.32, 6.17)
1.99 (1.61, 2.46)
2.99 (1.61, 5.57)
2.88 (1.98, 4.20)
2.66 (1.81, 3.92)
1.82 (1.13, 2.92)

4.54 (2.70, 7.65)
3.33 (1.79, 6.20)
11.61 (7.05, 19.14)
4.47 (2.89, 6.93)
7.28 (3.92, 13.51)

10.05 (5.16, 19.59)
6.72 (5.14, 8.79)
6.84 (3.07, 15.21)
6.49 (4.12,10.23)
6.69 (4.08, 10.98)
4.22 (2.39,7.42)
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Results of meta-analysis of Y402H in CFH. ORs (95% Cls) estimated from individual
studies and all studies pooled. Results of leave-one-out sensitivity analysis are shown.
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ORs for

DOMINANCE RECESSIVE HETEROZYGOTES
(CT + CC vs. TT) (CC vs. CT + TT) (CT vs. TT)
OR,,,., (95% CI) OR... (95% CI) OR,_. (95% CI)

HOMOZYGOTES
(CC vs. TT)

OR,_. (95% CI)

All studies pooled

Fixed effects

Random effects
Study excluded
(Fi1xed effects)

3.33 (2.99, 3.71)

3.40 (2.88, 4.00)

Edwards et al.

Haines et al.
Zareparsi et al.
Hageman et al. (Columbia)
Hageman et al. (Iowa)
Jakobsdottir et al.

Rivera et al.

Souied et al.

Sepp et al.

AREDS (1 vs. 345)

CHS

3.39 (3.03, 3.80)

3.22 (2.87, 3.61)
3.38 (3.01, 3.79)
3.31 (2.96, 3.70)
3.24 (2.89, 3.62)
3.51 (3.09, 3.99)
3.31 (2.96, 3.69)
3.28 (2.92, 3.67)
3.29 (2.94, 3.68)
3.41 (3.05, 3.81)

P
0.11

&b
—0.06

0.11
—-0.05
0.02
0.09
-0.18
0.02
0.05
0.04
—-0.08

3.75 (3.29, 4.27)

3.70 (3.09, 4.42)

3.83 (3.35, 4.39)

3.62 (3.16, 4.14)
3.92 (3.42, 4.50)
3.73 (3.27, 4.26)
3.72 (3.25, 4.24)
3.52 (3.00, 4.12)
3.75 (3.29, 4.28)
3.80 (3.31, 4.36)
3.76 (3.28, 4.30)
3.82 (3.34, 4.37)

“P-value for test of homogeneity of ORs across studies.

"Difference (A) of pooled point estimate when a study 1s excluded from the pooled estimate of all studies (under fixed effects model)

Meta-analysis of LOC387715: Meta-analysis of the risk
associated with S69A 1n ARM included five independent data
sets (1including the CHS and AREDS cohorts reported here

(FIG. 14 and Table 13). This resulted 1n the analysis of 3,193
cases and 2,405 controls all of ]

Huropean or European Amerti-

can descent. The studies of LOC387715 are more heteroge-

neous then the studies of CFH; OR

domnt

and OR, . differ sig-

nificantly across studies (P<0.01 and 0.02, respectively). The

35

P
0.32

&b
—(0.08

0.13
-0.17
0.02
0.03
0.23
0.00
-0.05
-0.01
—-0.07

2.43 (2.17,2.72)

2.49 (2.14, 2.89)

2.46 (2.19,2.77)

2.43 (2.
2.37 (2.

17,2.73)
10, 2.67)
2.43 (2.15,2.74)
2.42(2.16,2.72)
2.37 (2.11,2.67)
2.63 (2.30, 3.00)
2.42 (2.15,2.71)
2.39 (2.13, 2.69)
2.41 (2.14,2.72)
2.48 (2.20,2.78)

P
0.32

—0.03

0.00
0.06
0.01
0.01
0.06
—-0.20
0.02
0.04
0.02
-0.04

6.22 (5.38, 7.19)

6.15 (4.86, 7.79)

6.39 (5.49, 7.42)

6.45 (.56, 7.48)
5.88 (5.05, 6.83)
6.4% (5.56, 7.55)
6.16 (5.31, 7.15)
6.08 (5.24, 7.05)
6.03 (5.08, 7.16)
6.20 (5.35, 7.18)
6.19 (5.32, 7.21)
6.18 (5.31, 7.19)
6.39 (5.50, 7.42)

—0.17

-0.23
0.35
-0.26
0.06
0.15
0.19
0.02
0.03
0.04
-0.17

results support earlier findings of the association of the T
allele with increased ARM risk (‘Table 23). Carriers of two T
alleles are at substantially higher risk then are carriers of one
T allele; when accounting for between-study vanation, the
OR, _,andOR,_ _ are2.48 (95% CI1.67-3.70)and 7.33 (95%
CI 4.33-12.42), respectively. The genotype distribution 1s
similar across all control populations and across all ARM
populations, except the CHS ARM population (FIG. 15).

TABLE 23

Results of meta-analysis of S69A 1n LOC387715. ORs (95% Cls) estimated from individual
studies and all studies pooled. Results of leave-one-out sensitivity analvsis are shown.

OR for

Individual study

DOMINANCE
(GT + TT vs. GG)

Jakobsdottir et al.

Rivera et al.

Schmidt et al. (1 vs. 345)
AREDS (1 vs. 345)

CHS

All studies pooled

Fixed effects

Random effects
Study excluded
(Fixed effects)

Jakobsdottir et al.

Rivera et al.
Schmidt et al. (1 vs. 345)

OR,,_. (95% CI)

5.03 (3.20,7.91)
3.41 (2.84, 4.09)
2.42 (1.75,3.35)
3.99 (2.81, 5.67)
1.93 (1.32, 2.83)

3.19 (2.80, 3.63)

3.15 (2.02, 4.90)

3.06 (2.67,3.51)

2.98 (2.48,3.58)
3.36 (2.92, 3.87)

RECESSIVE
(TT vs. GT + GG)

< 0.01

0.21
-0.17

OR,.. (95% CI)

5.75 (2.46, 13.46)

5.28 (3.76, 7.41)
3.59 (1.99, 6.47)

10.16 (3.70, 27.88)

3.91 (2.17, 7.03)

491 (3.85, 6.27)

491 (3.48, 6.94)

4.84 (3.76, 6.24)

4.54 (3.20, 6.45)
5.24 (4.01, 6.85)

P
0.41

&b
0.07

HETEROZYGOTES HOMOZYGOTES
(GT vs. GG) (TT vs. GQG)
OR,;,_, (95% CI) OR,,_,, (95% CI)

3.89 (2.40, 6.31)
2.69 (2.22, 3.27)
1.94 (1.37, 2.74)
3.06 (2.13, 4.39)
1.58 (1.05, 2.39)

2.53 (2.20, 2.90)

2.48 (1.67, 3.70)

2.43(2.11, 2.81)

0.37 2.37 (1.95, 2.88)
~0.33  2.66(2.29, 3.08)

-0.13

10.57 (4.43, 25.22)
8.21 (5.79, 11.65)
4.87 (2.65, 8.95)

17.26 (6.22, 47.89)
4.75 (2.56, 8.80)

7.32 (5.69, 9.42)

. 7.33(4.33,12.42)

Ab 7.08(5.44,921)

0.16 6.48 (4.51,9.31)

7.97 (6.04, 10.51)

0.24

0.84
—-0.65
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TABLE 23-continued

Results of meta-analysis of S69A 1 LOC387715. ORs (95% Cls) estimated from individual
studies and all studies pooled. Results of leave-one-out sensitivity analysis are shown.

OR for

AREDS (1 vs. 345)

DOMINANCE RECESSIVE HETEROZYGOTES HOMOZYGOTES
(GT + TT vs. G(3) (TT vs. GT + GG) (GT vs. GG) (TT vs. G(3)
OR ., (95% CI) OR,... (95% CI) OR,,., (95% CI) OR,,.. (95% CI)
3.08 (2.68, 3.54) 0.11 4.70 (3.65, 6.04) 0.22 2.45(2.11,2.84) 0.08 6.93 (5.34, 8.98) 0.40
3.41 (2.97, 3.91) -0.22 5.15(3.94,6.73) -0.24 2.68 (2.32,3.10) -0.15  7.99 (6.06, 10.52) ~0.66

CHS

“P-value for test of homogeneity of ORs across studies.

"Difference (A) of pooled point estimate when a study 1s excluded from the pooled estimate of all studies (under fixed effects model)

N

Major discoveries of associations of the CFH and PLE- {5 haplotype analysis and detected, for the first time, a weak

KHAI1/LOC387715 genes with ARM have been published

after the findings of Example 1. A number of reports estab-
lished a strong association of the Y402H coding change 1n
CFH with ARM and three reports found association with
ARM of the S69A coding change 1n LOC387715 that was of
similar magnitude as the association o1 Y402H. Both of those

genes lie within chromosomal regions, CFH on 1931 and
LOC387715 on 10926, consistently i1dentified by family-

based linkage studies (Seddon, J. M., et al. (2003); Majewski,
I., et al. (2003); Iyengar, S. K., et al. (2004); Weeks, D. E., et
al. (2001) Age-related maculopathy: an expanded genome-

wide scan with evidence of susceptibility loci within the 131
and 17q25 regions. Am J Ophthalmol. 132, 682-692; Weeks,

D. E., et al. (2004); Klein, M. L., et al. (1998); and Kenealy,
S. J et al. (2004))

Because the majority of the studies of Y402H and all three
studies of S69A were specially designed to search for (and
find) genes mvolved in ARM complex etiology, 1t 1s possible
that they overestimate the effect size of the risk alleles at
Y402H and S69A. Therefore, two independent case-control
cohorts were analyzed with mimimal 1inclusion and exclusion
criterion based on ARM status, the ARFEDS and CHS cohorts.
The AREDS cohort did have health-related inclusion and
exclusion criterion including criterion based on eye disease
status; however, both atfected and non-atfected individuals

were enrolled (Age-Related Eye Disease Study Research
Group (1999) The Age-Related Eye Disease Study

(AREDS): design implications. AREDS reportno. 1. Control
Clin Tnals. 20, 573-600). The CHS cohort 1s a population-
based cohort that utilized community-based recruitment of
individuals 65 years and older with minimal inclusion and
exclusion criteria (Fried et al. (1991)). Retinal assessments
were conducted during the eighth year follow-up visit and
retinal diseases were not a factor for recruitment. Given the
difference 1n ascertainment of subjects 1nto the two studies,
replication of association of a candidate gene 1n both cohorts
greatly strengthens the support for 1ts causal involvement 1n
ARM pathogenesis.

We evaluated associations of four genes, CFH (1g31),
ELOVL4 (6ql4), PLEKAH1 (10g26), and LOC387715
(10g26). Both CFH and LOC387715 are extremely signifi-
cantly (P=0.00001) associated with ARM 1n both AREDS
and CHS cohorts. Both genes show an allele-dose effect on
the ARM risk and a model of independent multiplicative
contribution of the two genes 1s most parsimonious 1n both
AREDS and CHS cohorts. The A320T coding change 1n the
PLEKHAI1 gene, adjacent to and in linkage disequilibrium
with LOC387715 on 10926, 1s significantly associated with
ARM 1n the AREDS cohort (P=0.00004) but not 1n the CHS
cohort (P=0.08). These results based on applying the haplo-
type method to both the AREDS and CHS cohorts, combined
with the findings of Rivera et al. (20035), who used conditional
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expression of LOC387715 1n the retina, and Schmidt et al.

(2006), who detected only a weak association signal at PLE-
KHAI, strongly indicate that S69A 1n LOC387715 1s a major
ARM-predisposing variant on 10g26. The results of the hap-
lotype method show that PLEKHAT1 may not be sufficient to
account for the ARM-predisposition at 10g26; however
A320T in PLEKHAI1 cannot be excluded as a causative hap-
lotype with S69A and other unknown variants.

The replication of associations of CFH and LOC3877135
genes with ARM 1n AREDS and CHS cohorts, two cohorts
with different ascertainment schemes, continues to provide
strong support for their involvement in ARM. Variable find-
ings for PLEKHA1 1 AREDS and CHS cohorts do however
need to be considered in the light of differences between the
two cohorts. In addition to differences in ascertainment of the
case¢ and control populations, the evaluation of retinal
changes, documentation of retinal findings, and prevalence of
advanced ARM difiered between the two cohorts. In the CHS
study, fundus photography was only available for one ran-
domly selected eye and the photography was performed with
non dilated pupils and these limitations could certainly intlu-
ence the sensitivity to detect disease pathology, although this
1s more likely to influence the detection of early retinal
changes. The proportion of advanced ARM 1n the entire CHS
cohort that was evaluated at the 8 year follow up evaluation
was approximately 1.3% (Klein, R., Klein, B. . E

E., Marino, E.
K., Kuller, L. H., Furberg, C. Burke G. L. and Hubbard, L. D.
(2003) Early age-related maculopathy in the cardiovascular
health study. Ophthalmology. 110, 25-33) compared to
approximately 17% in the AREDS (Age-Related Eye Disease
Study Research Group (2000)) and the variation in the pro-
portion of advanced ARM disease pathology between the two
cohorts could lead to variation 1n findings, especially 1f a gene
1s more likely to influence progression of the disease. Addi-
tionally, one important difference between these two cohorts
1s the timing of the retinal evaluations. AREDS participants
had retinal evaluations conducted at baseline as well as during,
follow-up evaluations, while CHS participants had retinal
evaluations done 8 or more vears after enrollment, when they
would have been at least 73 years old. It 1s possible that
survival to the retinal evaluation for the CHS participants
could bias the population available for this particular type of
study. It also should be noted that in the AREDS cohort,
subjects 1n categories other than the unatffected group were
randomized into a clinical trial using vitamin and mineral
supplements to evaluate the impact of these on ARM progres-
sion. The elfect of this 1s not clear.

As mentioned previously, most studies that have mnvesti-
gated the genetic etiology of ARM were designed to optimize
identification of regions of the genome housing susceptibility
genes for ARM and for ARM candidate gene testing. Utiliz-

ing these retrospective studies to estimate attributable risk
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may lead to overestimates. Published attributable risks range
from 43% to 68% (Edwards et al. (2005); Haines et al. (2003);
Jakobsdottir (2003); and Schmidtetal. (2006)) for the Y402H
variant in CFH and from 36% to 57% (Jakobsdottir (2005)
and Schmidt et al. (2006)) for the S69A wvariant 1n
LOC387715. Interestingly, the adjusted population attribut-
able risks (PARSs) for the CHS population are lower than those
previously published: 38% for the Y402H variant in CFH and

25% for the S69A variant in LOC387715 (Table 13). Because
the majority of the CHS cases have moderate ARM the PAR

estimates derrved from the CHS data are not completely com-
parable to estimates from previous studies where the propor-
tion of patients with advanced ARM was considerably higher.
However, they are comparable to estimates derived from
using AREDS cases of grade 3. Those estimates are within in
the previously published range of PARs: 49% for Y402H in
CFH and 46% for S69A 1n LOC387715. These findings may
indicate that the risk of ARM attributed to these two suscep-
tibility variants may be lower than previously thought given
that the CHS cohort was not ascertained based on ARM
status. A prospective design 1s needed to more precisely esti-
mate the relative risks, which are approximated by ORs esti-
mated from retrospective case-control designs, and corre-
sponding PARs.

We were not able to replicate the association of ELOVLA

with overall ARM (Conley et al. (2005)). The number of
individuals with exudative ARM allowed us to perform sub-
phenotype analysis 1n the AREDS but not the CHS cohort.
Subphenotype analysis was especially important with regard
to ELOVL4, where our previous findings indicated a role for
ELOVL4 1n exudative ARM; this 1s (weakly) supported in the
AREDS cohort. Given the lack of strong association and
significant ORs for ELOVL4 in ARM susceptibility 1n both
cohorts and the lack of association reported by Ayyagari et al.,
it 1s very unlikely that ELOVL4 plays a substantial role 1n
ARM susceptibility. The power to detect an OR of 0.6 for
overall ARM 1s reasonable, with type I error rate 5%, minor
allele frequency 0.15, and population prevalence 6% the
power 1s ~81% 1n AREDS and ~69% 1n CHS. The power to
detect the same effect 1n exudative ARM 1s only ~53% 1n
AREDS data, under the same conditions. Therefore the pos-
sibility that ELOVL4 plays a role 1n overall ARM 1is unlikely
but mild effect in exudative ARM cannot be refuted. These
power estimates were performed using QUANTO (Gauder-
man, W. J. and Morrison, J. M. (2006) QUANTO 1.1: A
computer program for power and sample size calculations for
genetic-epidemiology studies).

The AREDS and CHS data support the independent con-
tribution o1 Y402H 1n CFH and S69A in LOC387715 to ARM
susceptibility. A multiplicative risk model for these two vari-
ants 1s the most parsimonious based on evaluation of the
AREDS and CHS cohorts; this model was also supported by
our previous paper Jakobsdottir et al. (20035) as well as data
presented by Rivera et al. (2005) and Schmidt et al. (2006a).
The ARM risk appears to increase as the total number of risk
alleles at Y402H and S69A 1ncreases (Table 20).

Prior to the discovery of CFH and LOC3877135 cigarette
smoking was one of the more important known ARM-related
risk factors. Cigarette smoking 1s generally accepted as a
modifiable risk factor for ARM; van Leeuwen et al. provide a
review ol the epidemiology of ARM and discuss the support

of smoking as ARM risk factor (van Leeuwen, R., Klaver, C.
C., Vingerling, J. R., Hofman, A. and de Jong, P. T. (2003)
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Epidemiology of age-related maculopathy: a review. Eur J
Epidemiol. 18, 845-854). Schmidt et al. (2006) recently
reported statistically significant 1nteraction between
L.OC387715 and cigarette smoking in ARM. Their data sug-
gested that the association of LOC387715 with ARM was
primarily driven by the gene effect 1n heavy smokers. Our
own analyses ol interaction do not support this finding and the
AREDS data suggest that the joint action of S69A and smok-
ing 1s multiplicative.

A role for CFH and LOC387715 in ARM susceptibility 1s
turther supported via the results of our meta-analysis. The
meta-analysis, which include the CHS and AREDS cohorts

reported 1n this paper, indicates that having one or two copies
of the risk allele at CFH or LOC387715 increases the risk of

ARM, and with those who have two copies are at higher risk.
The combined results from all studies as well as the results
from each independent study were remarkably tight (FIGS.
12 and 14). One known limitation of meta-analysis 1s the
susceptibility to publication bias. Generally, such bias 1s a
result of non-publication of negative findings (Normand, S. L.
(1999) Meta-analysis: formulating, evaluating, combining,

and reporting. Stat Med. 18,321-359). In the case of CFH and
L.OC387715, all published studies have reported strong asso-
ciation with ARM 1n the same direction with the risk allele for
CFH being the allele that codes for histidine and the risk allele

for LOC387715 being the allele that codes for serine. Prefer-

ential publication of statistically significant associations were
expected to show random directionality if the significant
association 1s a false-positive result (Lohmueller, K. E.,
Pearce, C. L., Pike, M., Lander, E. S. and Hirschhorn, J. N.
(2003) Meta-analysis of genetic association studies supports
a contribution of common variants to susceptibility to com-

mon disease. Nat Genet. 33, 177-182). It 1s therefore unlikely
that the consistency of the association of CFH and
LOC387715 with ARM 1s a result of publication bias.

While the results of our statistical analyses are 1n agree-
ment with LOC3877135 being the major ARM-related gene on

10926, they do not prove causality. The possible causal role of
CFH 1n ARM pathogenesis has been further supported by the
localization of 1ts protein within drusen deposits of ARM
patients and mnvolvement 1n activation of the complement
pathway. Regarding LOC387715, little 1s currently known
about the biology of the gene and nothing about how its
protein may aifect ARM susceptibility. Until recently the
expression of LOC387715 appeared limited to the placenta
but recently weak expression was reported in the retina (Riv-
era et al. (2005)), which opens up the possibility of a tissue-
specific role of the gene.

In summary, the results presented 1n this Example continue
to support a role of both CFH and LOC387715 1n etiology of
ARM, given that both genes are highly associated with ARM
regardless of how the subjects were ascertained. Evaluation
of PLEKHA1 and ELLOVL4 1n the AREDS and CHS cohorts
demonstrates that these genes are much less likely to play role
in ARM susceptibility. The CFH and LOC387715 genes
appear to act independently in a multiplicative way in ARM
pathogenesis and individuals homozygote for the risk alleles
at either locus are at highest risk.

Having described this mvention above, 1t will be under-
stood to those of ordinary skill 1n the art that the same can be
performed within a wide and equivalent range of conditions,
formulations and other parameters without affecting the
scope of the invention or any embodiment thereof.
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SEQUENCE LISTING

NUMBER OF SEQ ID NOS: 20

SEQ ID NO 1

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Forward PCR primer for rsl1ll1538141

SEQUENCE: 1

cagagtcgcc atgcagatcc

<210>
<211>
«212>
<213>
«220>
<223 >

<400>

SEQ ID NO 2

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Reverse PCR primer for rsl11538141

SEQUENCE: 2

cccgaaggge accacgcact

<210>
<211>
<212>
<213>
<220>
<223 >

<400>

SEQ ID NO 3

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Forward PCR Primer for rs2736911

SEQUENCE: 3

gcacctttgt caccacatta

<210>
<«211>
«212>
<213>
«220>
<223 >

<400>

SEQ ID NO 4

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Reverse PCR primer for rs2736911

SEQUENCE: 4

gcctgatcat ctgcatttcet

<210>
<211>
<«212>
<213>
<220>
<223 >

<400>

SEQ ID NO b5

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Forward PCR Primer for rsl1l04909223

SEQUENCE: 5

gcacctttgt caccacatta

<210>
<211>
«212>
<213>
«220>
<223>

<400>

SEQ ID NO o

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Reverse PCR Primer for rsl0490923

SEQUENCE: 6

gcctgatcat ctgcatttcet

<210>
<211>
<212 >

SEQ ID NO 7
LENGTH: 20
TYPE: DNA

20

20

20

20

20

20

06
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-continued

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> QOTHER INFORMATION: Forward PCR Primer for rsl1l0490924

<400> SEQUENCE: 7

gcacctttgt caccacatta

«<210> SEQ ID NO 8

«211> LENGTH: 20

«212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

<223> OTHER INFORMATION: Reverse PCR primer for rsl0490924

<400> SEQUENCE: 8

gcctgatcat ctgcatttcet

«<210> SEQ ID NO 95

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Forward PCR Primer for rsl8034023

<400> SEQUENCE: 9

tgctgtccet ttgttgtctc

«<210> SEQ ID NO 10

«211> LENGTH: 20

«<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

<223> OTHER INFORMATION: Reverse PCR primer for rsl803403

<400> SEQUENCE: 10

agacacagac acgcatcctg

«<210> SEQ ID NO 11

<211> LENGTH: 18

«<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Forward PCR primer for rsl2258692

<400> SEQUENCE: 11

gccaggaaaa ggaacctc

«<210> SEQ ID NO 12

«211> LENGTH: 18

«<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

<223> OTHER INFORMATION: Reverse PCR primer for rsl2258692

<400> SEQUENCE: 12

gccaggcatce aagtcaga

<210> SEQ ID NO 13

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

223> QOTHER INFORMATION: Forward PCR Primer for ELOVL4

<400> SEQUENCE: 13

agatgccgat gttgttaaaa g

20

20

20

20

18

18

21

08
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-continued

«210> SEQ ID NO 14

<211> LENGTH: 20

«212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

<223> OTHER INFORMATION: Reverse PCR primer for ELOVL4

<400> SEQUENCE: 14

catctgggta tggtattaac

<210> SEQ ID NO 15

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Forward PCR primer for CFH

<400> SEQUENCE: 15

tctttttgtyg caaacctttyg ttag

«210> SEQ ID NO 16

<211> LENGTH: 22

«212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

<223> OTHER INFORMATION: Reverse PCR primer for CFH

<400> SEQUENCE: 16

ccattggtaa aacaaggtga ca

<210> SEQ ID NO 17

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Forward PCR primer for LOC387715

<400> SEQUENCE: 17

gcacctttgt caccacatta

<210> SEQ ID NO 18

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> QOTHER INFORMATION: Reverse PCR Primer for LOC387715

<400> SEQUENCE: 18

gcctgatcat ctgcatttcet

<210> SEQ ID NO 19

<211l> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 19

Met Leu Arg Leu
1

Gly Gly Pro Glu
20

Phe Ile Ser Thr
35

Glu Gly Ala Ser
50

Tyvr Pro
5
Met Ala

Leu Arg

Asp Lys

Gly

Ser

Glu

Gln
55

Pro

Leu

Ser

40

Arg

Met

Ser

25

Val

Ser

Val
10

Ser

Thr Glu

Ser Val

Leu Asp Pro

Lys

Leu Ser
60

Ala

Vval

Gly

45

Leu

Glu

Pro

30

Val

Ser

Gly Lys
15
Val Ser

Gly Gly

Hig Ser

20

24

22

20

20

70
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72

-continued

Met Ile Pro ZAla Ala
65 70 75

Phe Ser Pro Ala Gly
85 S0

Leu Thr Leu Ser Ile Ile His Thr Ala Ala Arg
100 105

<210>
<211>
<«212>
<213>

SEQ ID NO 20

LENGTH: 808

TYPE: DNA

ORGANISM: Homo sapiens

<400> SEQUENCE: 20

Lys Ile His Thr Glu Leu Cys Leu Pro Ala Phe

80

Thr Gln Arg Arg Phe Gln Gln Pro Gln His His

gagatggcag
cctacatgcet
ctgagatggc
agtctgtgcet
tgtctttatc
CCLtCLLCtcC
tgtctatcat
ctggagcttc
cctcacaacc
tcccacctgc
catcaccaat
agatgcagcc
tcatcctgec

ttaaataaaa

ctggcttggc

gcgcctatac

aagtctgtcc

ggaccctgga

acactccatg

tcctgetgga

ccacactgca

tcatcagcat

tagactggtc

ggccacactyg

tggatgcatc

caatcttctc

CCCgttttct

attcagatca

aaggggacag
ccaggaccga
tccteggtygg
gttggtggag
atcccagcetg
acccagagga
gcaaggtgat
caatgtgaag
ccectteecte
tgcaacctygg
ttctgctety
ctaacatctg
tgccctectt

tcecttgea

cacctttgtc

tggtaactga

ttcctgtgtce

aaggagccag

ctaaaatcca

ggttccagca

tctgccaaaa

cCcaaaaatcc

cagctgcctc

aatttcccca

tgcagctggt

gattcctctce

tctcecteoccecgy

accacattat

Jg9cg9ga9g9g99

Cttcatttcc

tgacaagcag

cactgagctc

gcctcagcac

catatctcct

ttaggaggac

aactgtccac

cctgggcegga

gaaatctttc

tgtcactgca

gtgataggca

o5

gtccecctgtac 60
aaaggagggc 120
actctgecgayg 180
aggagcaaac 240
tgcttaccayg 300
cacctgacac 360
taaaagccaa 420
agagggagtc 480
aggactctct 540
ctcatcacgt 600
tcaaccecttyg 660
ttcecctecty 720
ttaactaaaa 780

808

We claim:

1. A method of determining risk of developing severe Age-
Related Maculopathy 1n a human subject comprising detect-
ing the presence of a thymine or guanine at base 270 of SEQ
ID NO: 20 (rs 10490924) from a sample obtained from the
subject, wherein the presence of thymine for one or both
alleles indicates increased risk of developing severe Age-
Related Maculopathy and the presence of guanine for both
alleles 1indicates decreased risk of developing severe Age-
Related Maculopathy.

2. The method of claim 1 further comprising examining,
one or more allelic variations 1n one or more of PLEKHAI,
PRSS11 and LOC387715.

3. The method of claim 1 1n which the patient has one or
more symptoms ol Age-related Maculopathy and the pres-
ence of thymine—ior one or both alleles indicates increased
risk of developing end-stage Age-Related Maculopathy and
the presence of guanine for both alleles indicates decreased
risk of developing end-stage Age-Related Maculopathy.

4. The method of claim 3 1n which the patient has one or
more symptoms of Age-related Maculopathy and the pres-

40

45

50

55

ence of thymine for one or both alleles indicates increased
risk of developing one or both of geographic atrophy and
choroidal neovascular membranes and the presence of gua-
nine for both alleles imdicates decreased risk of developing
one or both of geographic atrophy and choroidal neovascular
membranes.

5. The method of claim 1 1n which the presence of thymine
for one or both alleles indicates increased risk of developing
end-stage Age-Related Maculopathy and the presence of gua-
nine for both alleles imndicates decreased risk of developing
end-stage Age-Related Maculopathy.

6. The method of claim 5 1n which the presence of thymine
for one or both alleles indicates increased risk of developing
one or both of geographic atrophy and choroidal neovascular
membranes and the presence of guanine for both alleles indi-
cates decreased risk of developing one or both of geographic
atrophy and choroidal neovascular membranes.
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